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The antagonism between Gliocladium roseum. Trichoderma 
harzianum. or Trichothecium roseum and Phytophthora 
megasperma f. sp. glycinea (Pmq) was studied. Culture 
filtrates of T. roseum inhibited mycelial growth as well as 
zoosporangenesis of Pmq in culture and soil, but not those of 
G. roseum and T. harzianum. The antagonism by culture 
filtrates of T. roseum was found to be due to the production 
of trichothecin, an antifungal compound. 
Trichothecin was identified by using thin-layer 
chromatography, gas-chromatography (GC), and mass 
spectrometry. A trichothecin standard completely inhibited 
mycelial growth, zoosporangenesis, and oospore germination of 
Pmg in vitro at 6, 1, and 20 fig/ml, respectively. Seventeen 
isolates of T. roseum were compared. Filtrates in which each 
isolate was grown inhibited both mycelial growth and 
zoosporangenesis of Pmg in vitro. The GC was used to 
quantify the amount of trichothecin in the culture filtrate 
of each isolate. A range of 18-61 mg/L was found among 
them. Trichothecin production was not related to spore size, 
colony growth and color, or mycelial dry weight. 
T. roseum reduced Pmg inoculum in steam sterilized 
soil, but only slightly reduced disease on soybean seedlings 
IV 
in the greenhouse. Extraction of soil in which T. roseum was 
introduced indicated the presence of trichothecin. In the 
field, T,. roseum also reduced the incidence of'Pmg in 
fumigated and nonfumigated soil. 
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INTRODUCTION 
B i o l o g i c a l c o n t r o l 
B i o l o g i c a l c o n t r o l can o f f e r a powerfu l means t o 
i n c r e a s e c rop y i e l d s by s u p p r e s s i n g o r d e s t r o y i n g pa thogen 
inoculum, by p r o t e c t i n g p l a n t s a g a i n s t i n f e c t i o n , o r by 
i n c r e a s i n g t h e a b i l i t y of p l a n t s t o r e s i s t i n f e c t i o n . 
B i o l o g i c a l c o n t r o l was d e f i n e d by Cook and Baker (15) 
a s " t he r e d u c t i o n of t h e amount of inoculum o r d i s e a s e -
producing a c t i v i t y of a pa thogen accompl i shed by or t h r o u g h 
one or more o r g a n i s m s o t h e r t h a n men ." " D i s e a s e - p r o d u c i n g 
a c t i v i t y " i n v o l v e s g rowth , i n f e c t i v i t y , a g g r e s s i v e n e s s , 
v i r u l e n c e , and o t h e r q u a l i t i e s of t h e pa thogen , or p r o c e s s e s 
t h a t a f f e c t i n f e c t i o n , symptom deve lopment , and p r o d u c t i o n . 
The type of o r g a n i s m s t h a t c o u l d b e i n c l u d e d a r e : i ) 
a v i r u l e n t o r h y p o v i r u l e n t i n d i v i d u a l s o r a p o p u l a t i o n w i t h i n 
a pathogen s p e c i e s ; i i ) a h o s t p l a n t man ipu l a t ed 
g e n e t i c a l l y , by c u l t u r a l p r a c t i c e s , o r by microorganisms 
toward g r e a t e r o r more e f f e c t i v e r e s i s t a n c e t o a pa thogen ; 
and i i i ) a n t a g o n i s t s t o t h e p a t h o g e n , which can be d e f i n e d 
a s "microorganisms t h a t i n t e r f e r e w i t h t h e s u r v i v a l o r 
d i s e a s e - p r o d u c i n g a c t i v i t i e s of t h e pa thogen" (15) . 
The mechanisms of b i o l o g i c a l c o n t r o l of p l a n t p a t h o g e n s 
can be grouped i n t o t h r e e c a t e g o r i e s : i ) r e d u c t i o n of 
pathogen inoculum by a n t a g o n i s t i c m i c r o o r g a n i s m s ; i i ) 
p r o t e c t i o n of p l a n t s u r f a c e s a g a i n s t i n f e c t i o n ; and i i i ) 
caus ing a p h y s i o l o g i c a l i n c o m p a t i b i l i t y between t h e h o s t and 
2 
pathogen. Reduction in inoculum includes: a) destruction 
of spores, sclerotia, or other inoculum of a pathogen by 
natural enemies; b) reduction of virulence , aggressiveness, 
or survival ability of the pathogen; c) prevention of 
inoculum formation; or d) displacement of a plant pathogen 
with antagonists in infested crop residue. 
Antagonists exert their influence through competition, 
parasitism, or antibiosis. Some antagonists used in 
biological control of plant pathogens includes 
actinomycetes, bacteria, fungi, and viruses; higher plants; 
and predatory microfanua such as mites, nematodes,and 
protozoa. Fungi have been studied most as potential 
antagonists, possibly because they are easier to handle and 
identify than actinomycetes and bacteria (15) . 
Antibiotics have been defined by Gottleb and Shaw (26) 
as "organic substances that are produced by microbes and are 
deleterious at low concentrations to the growth or metabolic 
activities of other microorganisms." Baker and Cook (4) 
defined the antibiosis as "the inhibition of one organism by 
a metabolite of another." 
The evidence for production of antibiotics in soil is 
central to understanding the importance of antibiosis in the 
biological control of soilborne pathogens. It was, and 
still is difficult to demonstrate the presence of antibiosis 
in soil because antibiotics are produced in such small 
quantities in site, probably in microsite, and are adsorbed 
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on clay particles, decomposed rapidly by other 
microorganisms, or both. Several studies examined the 
ecological by significant factors which affect the ability 
of microorganisms to produce antibiotics. Gottlieb and 
Siminoff (27) and Hessayon (35) showed that antibiotics may 
be produced by some fungi in sterile soil. Gregory et al 
(28) described production of various antibiotics in 
sterilized and unsterilized soils that had been enriched 
with suitable organic substances. The production of 
antibiotics by Penicillium patulum Link in sterile 
supplemented soil (28); for Streptomvces venezuelae 
Ehrlich, Gottlieb, Burkholder, Anderson & Rridham in 
sterilized nonsupplemented soil (27) ; and for Trichothecium 
roseum (Pers.) Link ex Gray in autoclaved nonsupplemented 
soil (34) was confirmed. Grossbard (29,30) showed that 
clavacin (patulin) was produced by P. patulum in autoclaved 
soil following the addition of 3.5% glucose, 5% sterilized 
wheat straw. Clavacin was detected in the amended soil 
after l wk, but when the amended soil was leached after 6 wk 
no inhibitory activity was detected. 
Recent work has firmly established the natural 
occurrence and importance of antibiotics in soil. Bruehl et 
al (12) showed that Cephalosporium gramineum Nis & Ika. 
produced a wide-spectrum antibiotics in wheat straw that 
enabled it to retain possession of that substrate for 2 to 3 
yr while straw colonized by nonantibiotic-producing mutants 
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was overrun by saprophytes in a few months. Klopper and 
Schroth (41) showed that inoculation of seeds with 
Pseudomonas spp. that produce wide-spectrum inhibitors 
increased plant growth, whereas the inhibitor-negative 
mutants were ineffective. Rothrock (60) reported that 
Streptomycetes hyqroscopicus (Jensen) Waksman & Henrici var. 
geldanus produce the antifungal antibiotic geldanamycin in 
autoclaved soil. He also found that S. hygroscopicus 
controlled Rhizoctoina root rot of pea in sterilized soil if 
incubated for 7 days prior to infesting soil with the 
pathogen and planting. 
The introduction of a microbial antagonist to a 
pathogen infection court (seeds, seedlings, and wounded 
plant parts) has been a common approach in biological 
control. Since the period of susceptibility of plants to 
some pathogens such as Phytophthora, is relatively short, 
protection is needed for only a short time. Bacterial and 
fungal antagonists may be more effective when applied to 
seeds than to soil because of their proximity to the 
infection court (43) . Seeds are vulnerable to seed-and 
soilborne pathogens, and the period of protection needs to 
be long. Organisms used as seed treatments generally were 
more effective in controlling pre- than postemergence 
damping-off (46,76,78). One of the earliest demonstrations 
of the potential for seedling protection using an antagonist 
applied as a seed treatment was by Tviet and Moore (70) who 
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applied Chaetomium globosum Kunex to oat grains to protect 
resulting seedlings against Helminthosporium victoriae 
Meehan & Murphy. 
Antagonists should be effective against several 
pathogens or strains of the pathogen, but it has been shown 
that antagonists can have a high degree of specificity for 
different species or strains of a pathogen (42,56 ). 
Antagonists must be compatible with the seeds and not 
deprive them of oxygen and nutrients necessary for 
germination and growth. 
Unlike chemical seed treatments that protect only 
seeds, an organism applied to seeds has the potential for 
growing onto the root system and extending its protective 
effect against root-infecting pathogens. Antagonists may 
also enter the rhizosphere and be active there, or it may 
enter the rhizosphere passively as the emerging radicals 
comes into contact with and past seeds; or conidia may be 
dislodged from the seed surface and percolate through the 
soil during watering or rainfall; or conidia may passively 
follow a moisture film on the root surface. Broadbent et al 
(11) found that organisms applied to seeds reduced disease 
incidence in the rhizosphere. Other researchers found that 
certain fungi applied to seeds were recovered from the 
rhizosphere of cotton (53), sweet corn (75), and 
soybeans(61). Several researchers concluded that seed 
inocuiants do not protect roots from pathogens (42,51,77). 
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Merriman et al (50) reported that seed inocuiants were not 
effective colonizers of the rhizosphere. Wiley (75) also 
found that after application of Aspergillus flavus Link & 
Gray to sweet corn kernels could not recover it from the 
rhizosphere. Whether or not antagonists in the rhizosphere 
effectively reduce root diseases was not clear. 
Biological control by introduction of antagonists into 
nontreated soil often is difficult to achieve. It can be 
done when the right organisms are obtained and used 
properly. In 1921 the first attempt was made to introduce 
antagonists into soil to control damping-off of coniferous 
seedlings. In 1927 an antagonist was used to control potato 
scab and in 1931 take-all of wheat (5). When soil was 
chemically or thermally treated, the simplified and 
decreased soil microbiota made biocontrol by introduced 
antagonists easier and effective. The direct application of 
antagonists to soil, either as broadcast-incorporation or as 
an application in the seed furrow at the time of sowing, has 
the greatest potential for use in coiomercial greenhouse 
operations (15). Application of antagonists in large fields 
may be economically feasible in the future, if an effective, 
more efficient, in-furrow method of application can be 
developed. 
Trichothecium roseum. 
Antagonism between Trichothecium roseum Link and 
certain plant pathogenic fungi has been reported 
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(9 ,16 ,35 ,42 ,74) . Antifungal a c t i v i t y of cu l ture f i l t r a t e s 
of T. roseum against Bo t ry t i s a l i i Munn was reported by 
Brian and Hemming (10) . Freeman and Morrison (24) found 
t h a t fungal f i l t r a t e s of T. roseum had no a n t i b a c t e r i a l 
a c t i v i t y aga ins t Staphylococcus aureus Rosenbach, Baci l lus 
s u b t i l i s , (Cohn) Prazmowski or Bacterium co l i (Migula) 
C a s t e l l a n i & Chalmers, but i t was a c t i v e against each of 27 
spec ies of fungi examined. T. roseum was found t o produce 
zones of i n h i b i t i o n on pota to-dext rose agar with 10 fungi 
pathogenic t o soybeans, but i t was i n a c t i v e agains t 
Phomopsis long ico l l a Hobbs (49). T. roseum reduced the 
frequency of Rhizoous s p . i so l a t i on when i t s spores were 
used t o t r e a t the seeds of four maize inbred B-73 (72) . T. 
roseum a l s o prevented t h e infect ion of maize inbred B-73 by 
Cephalosporium acremonium Cda.(73). There are no r epo r t s on 
the e f f ec t of T. roseum on Phytophthora megasperma f. sp. 
g lycinea (kuan & Erwin) which causes soybean root r o t . 
The compound respons ib le for antagonism was i s o l a t e d 
from c u l t u r e f i l t r a t e s of T,. roseum and i t s chemical 
p r o p e r t i e s was descr ibed by Freeman and Morrison (22,23) , 
and named t r i c h o t h e c i n . The a c t i v i t y of t r i c h o t h e c i n was 
found unaffected by autoclaving for 1 h r a t 121 C. 
Tr ichothecin has inh ib i t ed p l a n t v i r u s i n f e c t i v i t y , 
both tobacco necros is and tobacco mosaic v i ruses , when 
sprayed over French bean and Nicotiana glutinos-a. 
r e s p e c t i v e l y , 1 day a f t e r inocula t ion , b u t not when applied 
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2 days before (6) . It also was found that trichothecin 
affected plant metabolism by temporarily altering the 
metabolism of the leaf cells so that introduced virus 
particles can not multiply and are inactivated. Gupta and 
Price (31) found that infection of beans by southern bean 
mosaic virus was inhibited by rubbing leaves with culture 
filtrates of T.. roseum within 30 min after the inoculation 
with the virus. They also found that the culture filtrates 
caused immediate loss of infectivity when mixed with a 
suspension of the virus. Trichothecin inhibibited, to some 
degree, the mycelial growth of 27 nonpathogenic fungi in the 
Ascomycetes, Deuteromycetes, and Zygomycetes (31). Freeman 
(21) found that the growth of 18 plant pathogenic fungi was 
inhibited by 16 mg trichothecin/1 of medium. 
Trichothecin also was found to be active in vitro 
against certain fungi pathogenic to man (21). 
Trichothecin production in soil was investigated by 
Hessayon (34). He found that T. roseum could produce 
trichothecin in both sterilized and nonsterilized soil, but 
much less in that nonsterilized, and T. roseum produced a 
higher quantity of trichothecin in clay soil than in sandy 
soil. Tricothecin was found to be strongly absorbed by 
soil, but little biological breakdown occurred. The 
inhibition of mycelium of Fusarium oxysporium Schlecht. 
Emend. Snyd. & Hans var. cubenese was used as an indication 
of trichothecin in soil. 
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Trichothecin is a member of a family of mycotoxins 
known as trichothecenes. The trichothecene mycotoxins are 
characterized by the tetracyclic 12, 13-epoxy-trichothec-9-
ene skeleton. The trichothecenes are divided into two 
groups depending on the presence of a macrocyclic ring 
linking at C-4 and C-15 with diesters or triesters namely 
macrocyclic and nonmacrocyclic trichothecenes (71). 
Trichothecin is a member of a nonmacrocyclic group. The 
structure of trichothecin is shown (Fig. 1). 
Trichothecin has an Rf value of 0.66 on silica gel 
thin-layer chromatography (TLC) plates in a solvent system 
of chloroform:methanol 98:2 (v:v) (14). Trichothecin was 
detected by noting its yellow color when the TLC plates were 
placed in an iodine tank for 1-2 min. Nozoe and Machida 
(54,55) found two new metabolites produced by T. roseum. 
Many other metabolites are produced by T. roseum such 
crotoxin, trichothecolone, roseotoxin B, rosenonolactone, 
and rosolactone (18,25,32,48,58,59,79). Trichothecin is a 
neutral compound, only slightly soluble in water, and 
readily soluble in most organic solvents (22). 
Phytophthora megasperma f. sp. glycinea 
Phytophthora root and stem rot, caused by P. megasperma 
f. sp. glycinea. is one of the most important diseases of 
soybeans (Glycina max (L.) Merr.) in soybean-growing areas 
of the U.S. and Canada (7). The disease was first noted as 
new and of unknown etiology in Indiana in 1948 (65) . In 
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1951 the same disease was found in Ohio and other northern 
midwestern states shortly thereafter. The first 
I 
A C+j3CH3 
L
 H 
—H 
OCOCH=CHCH, 
Fig. 1. Structure of trichothecin 
comprehensive report of this disease by Kaufmann and 
Gerdemann (39) in 1958, who named the pathogen Phytophthora 
so-jae Kaufmann and Gerdemann. Hildebrandt (36) , a year 
later changed the name to Phytophthora megasperma (Drechs) 
var. soiae A. A. Hildebrand. This name was valid until 1980 
when the fungus was reclassified and named P. megasperma f. 
sp. glycinea (Pmg) by Kuan and Erwin (45) . Twenty-five 
physiological races of Pmq have been identified since first 
reported (46). 
Phytophthora root rot may be found in soybeans at any 
stage of development (66). Pmg can cause seed rot, pre- and 
postemergence damping-off, or stem lesions. Susceptible 
cultivars can become infected at any growth stage (39,67). 
In older plants of susceptible cultivars, a brown, girdling 
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rot may extend up the stem as high as 10 nodes before the 
plant finally wilts and dies. In the less susceptible 
cultivars, symptoms generally are restricted to the roots. 
Primary inoculum of Pmq comes from crop residues in the 
soil, where it can survive primarily as oospores for long 
periods without soybeans. Sporangia form on infested plant 
debris and on root surfaces of infected soybean seedlings. 
Zoospores are produced in abundance in sporangia in flooded 
or waterlogged soils and are disseminated in soil water 
(66). 
Pmg can be isolated readily from stem lesions by using 
selective media containing pimaricin plus vancomycin, or 
quintozene, benomyl, chloramphenicol, and neomycin sulfate 
to inhibit other fungi and bacteria (65). Because these 
selective media do not inhibit Pythium spp., its isolation 
from roots can be difficult. By using seedlings or leaf 
disks as baits, Pmg can be isolated from soil. Soil at the 
matric potential of -0.1 to 1.0 bars is incubated for at 
least l wk at 25 C then it is flooded, and soybean leaf 
disks are placed on the surface. After 2 hr the disks are 
removed and plated on a selective medium. Pmg can be 
recovered and identified after 48 hr (13). 
Procedures for inoculating with Pmg in general are: for 
root inoculation, plants can be grown in soil or nutrient 
solutions infested with Pmg (38,39,64); for hypocotyl 
inoculation, mycelium is inserted into artificial wounds 
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(33,38,39,40). Zoospore suspension are widely used for 
hypocotyl inoculation (20,74). So i l inoculations are made 
by infesting steamed s o i l with the fungus before seeds are 
planted. The pathogen may be grown on either l iquid medium 
or on s t e r i l i z ed oat g ra ins (38,39) . 
Various methods have been used to control Pmg such as 
fungicides, cultural pract ices , r e s i s t a n t cu l t i va r s , and 
biological control . Pyroxfur and metalaxyl a re the most 
effective fungicides used to control Pmg. Pyroxfur controls 
damping-off, but not roo t rot of cu l t iva rs l e s s - to l e r an t to 
Pmg. I t was never released for general use because the 
soybean seed treatment market was considered too small, thus 
uneconomical (65). Metalaxyl s l i g h t l y more effect ive than 
pyroxfur as a seed treatment, was even more effect ive as a 
so i l treatment (3). However, there i s no s ingle t ac t i c 
gives complete control of Pmg. Resistance does not l a s t 
because of the high pathogenic v a r i a b i l i t y in Pmg. 
Fungicides such as metalaxyl are effect ive with cer ta in , but 
not on a l l cul t ivars . Another problem from using metalaxyl 
was the build up of metalaxyl-resis tant s t ra ins of Pmg (65) . 
Various cul tural pract ices can be used to reduce the 
disease, but they do not offer complete control . The 
combination of more than one method wi l l give b e t t e r control 
than a single one. There is increased interest in 
biological control of Pmg. A useful system must be 
effect ive under water saturated s o i l conditions, and i t must 
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e i the r prevent aggregation of zoospores about r oo t s or 
in terfere with the i r germination and penetration (65) . 
Oospores of Pmq can be parasit ized by many diverse soil 
microorganisms including Actinomycetes, bacteria, 
Chytridiomycetes, Hyphomycetes, and Oomycetes (68) . Sarbini 
and Kommedahl (62) reported biological control of Pmg by 
inoculating soybean pe l l e t s with antagonists that colonized 
and persisted in the rhizosphere for considerable lengths of 
t ime. Vaartaja et a l (72) reported tha t antagonist 
Gliocladium virens Mil ler , Giddens & Foster did n o t 
s ignif icant ly protect soybean plants from infection by Pmg 
in ei ther greenhouse or field experiments, even though G. 
v i rens was readily isolated from the s o i l . 
The purpose of t h i s investigation was to study the 
antagonism between t h r e e nonpathogenic fungi, Gliocladium 
roseum, Trichoderma harzianum. and Trichothecium roseum and 
the plant pathogen Phytophthora megasperma f. sp. glycinea. 
Antagonism was established by studying t h e inhibi t ion of 
mycelial growth and zoosporangenesis in v i t r o . Resul ts from 
port ions of th i s s tud ies were published a s abs t rac ts (1,2). 
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MATERIALS AND METHODS 
Organ i sms and m a i n t e n a n c e 
C u l t u r e s o f 16 r a c e s o f P . megasperma f. s p . g l y c i n e a 
(Pmg) w e r e o b t a i n e d from C. D. N i c k e l l , Agronomy Depa r tmen t , 
UIUC. A l l c u l t u r e s were m a i n t a i n e d on l ima b e a n a g a r 
(LBA) ( D i f c o L a b o r a t o r i e s , D e t r o i t , MI) . The medium 
a u t o c l a v e d a f t e r b e i n g d i s p e n s e d i n t o 2 x 1 2 . 5 cm s c r e w -
capped t e s t t u b e s . C u l t u r e s w e r e t r a n s f e r r e d s e p a r a t e l y 
a s e p t i c a l l y t o t h e t e s t t u b e s by removing a p o r t i o n of f r e s h 
mycel ium from c u l t u r e p l a t e and p l a c i n g i t o n t o t h e s l a n t s . 
The c u l t u r e s w e r e i n c u b a t e d f o r 7 d a y s a t 25 C, t h e n s t o r e d 
a t 0 - 5 C u n t i l n e e d e d . A l l c u l t u r e s were s u b c u l t u r e d every 
6 m o n t h s . 
T h r e e fungi n o n p a t h o g e n i c t o s o y b e a n s and a n t a g o n i s t i c 
t o o t h e r fungi w e r e s t u d i e d f o r t h e i r e f f e c t upon Pmg. 
I s o l a t e s of T. r o s e u m was o b t a i n e d from a v a r i e t y o f s o u r c e s 
( T a b l e 1) . G l i o c l a d i u m roseum was o b t a i n e d from a 
c o l l e c t i o n in t h e soybean s e e d p a t h o l o g y l a b o r a t o r y , P l a n t 
P a t h o l o g y D e p a r t m e n t , UIUC. T r i c h o d e r m a h a r z i a n u m (ATCC-
2427) was p u r c h a s e d from Amer ican Type C u l t u r e C o l l e c t i o n . 
The t h r e e a n t a g o n i s t fungi w e r e grown and m a i n t a i n e d on 
p o t a t o - d e x t r o s e a g a r (PDA) ( D i f c o L a b o r a t o r i e s , D e t r o i t , 
MI.) i n t e s t t u b e s a t 0-5 C u n t i l n e e d e d . T. roseum was 
s u b c u l t u r e d p e r i o d i c a l l y . 
Growth and p r e p a r a t i o n of c u l t u r e f i l t r a t e s 
C u l t u r e f i l t r a t e s of G. roseum f T. harzianum. and 17 
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Table 1. Isolates of Trichothecium roseum and their sources. 
No. Code Source Isolation/year 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
AT-1 
AT-2 
AT-3 
DW-1 
DW-2 
SS-1 
SS-2 
SS-3 
SS-4 
SS-5 
SS-6 
SS-7 
SS-8 
SS-9 
SS-10 
SS-11 
SS-12 
ATCC-32374 (soil) 
ATCC-32377 (maize seed) 
ATCC-38334 (apple) 
Decay wood, Urbana 
Decay wood, Champaign 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
Soybean seed, UIUC 
1975 
1975 
1977 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
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i s o l a t e s of T. roseum were obtained by t r a n s f e r r i n g 
separa te ly a 7-mm a g a r plug from t h e margin of 5-day-old 
colony of each fungus i n t o 250 ml Erlenmeyer f lasks 
containing 50 ml of modified Czapek-Dox b r o t h (MCD) (22) . 
Inoculated f lasks were incubated in the dark for 25 days a t 
25 C. Mycelial mats t h e n were separa ted from the b r o t h by 
f i l t e r i n g through a s h l e s s Whatman No. 1 f i l t e r paper . The 
f i l t r a t e s were vacuum f i l t e r e d through a s t e r i l e 0.2 u, 
f i l t e r u n i t (Syborn/Nalgen Co., Rochester , N.Y.). F i l t e r 
s t e r i l i z e d cu l tu re f i l t r a t e s were used immediately o r stored 
a s e p t i c a l l y a t 0-5 C u n t i l needed. 
Zoospore production by Pmg 
To f ind a procedure which would r e q u i r e less t ime than 
t h e recommended method (19) to produce zoospores of Pmg. 
mycelial d i sks (7-mm diameter) were cut from the per iphery 
of 3-day-old cu l t u r e s of Pmg, r ace l on LBA . One, two, or 
t h r e e d i sks were p laced on each 9-cm c u l t u r e p la t e s which 
contained 10 ml of e i t h e r ful l o r h a l f - s t r e n g t h LBA. All 
p l a t e s incubated for e i t h e r 3 or 5 days were washed f ive 
times with 10 ml s t e r i l e deionized d i s t i l l e d water a t 30-min 
i n t e r v a l s t o induce zoosporangenesis and zoospore product ion 
(19). The wash water was discarded. Cu l tu re p l a t e s then 
were flooded with 15 ml s t e r i l e deionized d i s t i l l e d water , 
and incubated 8-10 h r a t 21 C. Mot i l i t y of zoospores was 
stopped by adding one drop of 1% a n i l i n e b l u e in lactophenol 
t o 1 ml of zoospore suspension. Zoospore concen t ra t ions 
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were determined with a hemacytometer. A complete randomized 
block design was used. Each treatment had five replicates. 
The data were analyzed as 2 x 2 x 3 factorial in which the 
two factors were the LBA strength and the period of 
incubation. The three factors were the number of mycelial 
plugs. The experiment was done three times. The treatment 
with three mycelial disks, half-strength LBA, and 3-day-old 
was used throughout the remainder of this study unless 
otherwise indicated. 
Antagonism of G. roseum. T. harzianum. and T. roseum to Pmg 
a) Effect of culture filtrates on colony growth 
Filter sterilized culture filtrates from G. roseum. T. 
harzianum, or T. roseum were added to autoclaved LBA to give 
concentrations of 0.5, 1, 5, 10, 15, or 20% (v/v). After 
cooling to 45 C, 15 ml of medium was poured into culture 
plates, allowed to solidify, and inoculated with a 7-mm 
mycelial plug of a 3-day-old culture of Pmg. Plates 
containing LBA without culture filtrates served as a 
control. All plates were incubated for 7 days at 25 C. The 
percentage inhibition of radial growth (PIRG) was calculated 
by the following equation (17): 
PIRG = ( A1-A2/A1) X 100 
where, Al = the mean radial growth of control plates and A2 
= of treated plates. A complete randomized block design was 
used. Each treatment had five replicates. The data were 
analyzed as a split-plot, mainplots being the 
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antagonistic fungi and subplots being the culture filtrate 
concentrations in LBA. The experiment was done twice. LBA 
amended with sterile MCD was used to determine what effect 
if any latter had on mycelial growth . 
b) Effect of culture filtrates on zoosporangenesis 
Sterilized culture filtrates of the three antagonistic fungi 
and sterile MCD were diluted separately (0.5:99.5, 1:99, 
5:95, and 10:90 v:v) with sterile deionized distilled water. 
Cultures of Pmq were washed five times with 10 ml sterile 
deionized distilled water at 30-min intervals. The wash 
water was discarded. Plates then were flooded with 15 ml of 
each concentration separately, then incubated 8-10 hr at 21 
C. A complete randomized block design was used. Each 
treatment had five replicates. Data were analyzed as a 
split-plot, mainplots being the antagonistic fungi and 
subplots being the culture filtrate concentrations in 
sterile deionized distilled water. Cultures flooded with 
sterile deionized distilled water served as control. The 
experiment was done three times. 
Antagonism of 17 isolates of T. roseum to Pmg 
Seventeen isolates of T. roseum were grown separately 
on MCD as described previously. The effect of the culture 
filtrates of each isolate on mycelial growth of Pmg, race 1 
on LBA and zoosporangenesis was studied as described 
previously. Each treatment was replicated five times and 
the experiment was done twice. LBA and sterile deionized 
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d is t i l led water amended with s t e r i l e MCD served as cont ro l . 
Activity of cu l tu re f i l t r a t e s on 16 races of Pmg 
The ef fec t of culture f i l t r a t e s of T. roseum on 
mycelial growth and zoosporangenesis of 16 races of Pmg was 
studied as described previously. Isolate SS-3 of T. 
roseum was used . The treatments were r ep l i ca t ed five times 
and the experiment was done twice . 
Effect of c u l t u r e f i l t r a t e s on zoosporangenesis in so i l 
Autoclaved field soil was infested wi th a mycelial 
culture of Pmg, race 1, grown on 50 ml autoclaved V-8 broth 
i n 250 ml Erlenmeyer flask for 10 days a t 25 C. The 
mycelial mat was washed with s t e r i l e deionized d i s t i l l ed 
water then mixed in a Waring blender for 3 0 sec with s t e r i l e 
deionized d i s t i l l e d water. The soil + mycel ial suspension 
were mixed in p l a s t i c bags. A 125 cc sample of infested so i l 
was placed separa te ly into each culture p l a t e (100 x 80 mm). 
F i f ty cc of uninfested autoclaved soil was spread on the 
surface of each infested l aye r . Culture f i l t r a t e s were 
added to s t e r i l e deionized d i s t i l l e d water t o give 
concentrations of 1, 10, or 20% v:v. P l a t e s were flooded 
and covered t o a depth of 0.5 cm above the s o i l l ine with 
each concentration separately. Ten soybean leaf disks (5 
mm) were f loated on the water surface. The plates then 
covered with a l i d and incubated at 21 C. Five leaf disks 
were removed asept ica l ly a f t e r 12 hr and t h e remaining five 
a f t e r 24 hr. A l l disks were placed on LBA amended with 
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0.027 quintozene, 0.02 benomyl, 0.009 r i fampicin , and 0.1 
g / 1 a m p i c i l l i n . All p l a t e s were incubated for 4 days a t 25 
C. A completely randomized design was used. Each t reatment 
was r e p l i c a t e d five t imes and the experiment was done twice . 
A leaf d i sk was considered infected when mycelial growth and 
oospores of Pmq were observed under a b r i g h t - f i e l d 
s tereomicroscope. 
S e n s i t i v i t y of Pmq to methanol 
Since t r i cho thec in i s soluble in methanol, t h e 
s e n s i t i v i t y of the mycelium of Pmg t o d i f f e r en t 
c o n c e n t r a t i o n s of K'.ethanol was s tudied before s tudying the 
e f f e c t of t r i c h o t h e c i n . Methanol was added to LBA t o give 
c o n c e n t r a t i o n s 0.2, 0 .4 , 0 . 6 , 0.8, 1, 2, 5, or 10% v:v . 
P l a t e s con ta in ing 15 ml of LBA with one of the 
c o n c e n t r a t i o n s of methanol were inocu la ted with a 7-mm 
mycel ia l p lug of 3-day-old cu l tu res of Pmq. P l a t e s of LBA 
without methanol served a s con t ro l . P l a t e s were incubated 6 
days at 25 C. Treatments were r e p l i c a t e d five t imes and 
arranged in completely randomized des ign . Radial growth 
was recorded and PIRG c a l c u l a t e d as descr ibed p rev ious ly . 
The experiment was done t h r e e t imes. 
To s tudy the e f fec t of methanol on zoosporangenesis, 
methanol was added to s t e r i l e deionized d i s t i l l e d water t o 
g i v e concentra t ions 2, 5 , 10, 20, 30, 40, 50, 60, 100, 200, 
500, or 1000 u.1/100 ml. Cul tures of Pmq were prepared and 
washed as described p r e v i o u s l y . P l a t e s then flooded with 
21 
each of methanol concentration separately and incubated 8-10 
hr at 21 C. Treatments were replicated five times and 
arranged in completely randomized design. Plates flooded 
with sterile deionized distilled water served as contol. The 
number of zoospores was counted using hemacytometer after 
their motility was stopped by adding one drop of 0.1% 
aniline blue in lactophenol to 1 ml of zoospore suspension. 
The experiment was done twice. 
Culture filtrate extractions and Sep-pak efficiency 
The culture filtrates of T. roseum were extracted with 
chloroform. Aliquots (100 ml) of culture filtrates were 
extracted three times with equal volumes of chloroform. 
After the first extraction the mixture was vacuum filtered 
through ashless Whatman No.42 filter paper, then rinsed 
three times each with 10 ml chloroform. The solvent 
evaporated in a rotary evaporator under vacuum was reduced 
to 1 ml then transferred to a 10 ml glass syringe and 
applied to a Sep-pak column (Waters Associates, Maple 
streat, Mil ford, MA 01757). The column was washed four 
times each with 5 ml chloroform. The four fractions were 
evaporated separately to dryness under nitrogen. 
The dried extracts were dissolved in 1 ml methanol. A 
0.05 ml sample from each fraction was added to 100 ml 
sterile deionized distilled water separately and used in the 
bioassay test. The active metabolite was found concentrated 
in the first two fractions, so 10 ml chloroform was used to 
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wash the Sep-pak for the remainder of the study. 
To determine the efficiency of Sep-pak in trichothecin 
extraction, 100 |xg of the trichothecin standard (Sigma 
chemical Co., St. Louis, MO) were dissolved in chloroform 
and then added to 100 ml MCD. The mixture was extracted as 
described previously. Gas-chromatography was used to 
estimate the amount of trichothecin. It was found that more 
than 95% of trichothecin standard was recovered. So the 
Sep-pak column was used in the remainder of the study to 
clean up samples. 
Identification of inhibitory compound in culture filtrates 
a. Thin layer chromatography 
One-hundred ml culture filtrates of T. roseum were 
extracted with chloroform and the Sep-pak washed with 10 ml 
chloroform as described previously. The extracts were 
evaporated under nitrogen to 0.5 ml then spotted onto 500 fji 
silica gel on 20 x 20-cm glass plates for thin-layer 
chromatography (TLC) (Analytee, Inc., Newark, DE.). A 
trichothecin standard also was spotted on the TLC plates. 
Prior to application of the samples and the standard, TLC 
plates were activated by the heating them for 30-min at 110-
120 C. The TLC plates were developed in a solvent system of 
chloroform:methanol (98:2 v/v) until the solvent front 
reached with 1 cm of the top of the plates. The TLC plates 
were air dried and then placed in an iodine tank for 1-2 
min. Two yellow spots typical of that produced by 
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trichothecin were presented. Each spot was removed 
separately from the plate and the silica gel was extracted 
three times with 1 ml chloroform each. After each wash the 
mixture was centrifuged at 800 rpm(Beckman J-6B) for 5 min. 
The supernatant was collected using 23 cm Pasteur capillary 
pipettes and evaporated to dryness under nitrogen. For 
bioassay the extract was dissolved in 1 ml methanol and 0.01 
or 0.05 ml was added to 100 ml sterile deionized distilled 
water. Cultures of Pmg were prepared and washed as was 
described previously and then flooded with each 
concentration separately. The inhibition of 
zoosporangenesis of Pmg was used as indication of activity. 
b) Gas chromatography 
The analyses were carried out using a Spectra Physics 
7100 gas chromatograph equipped with a DB-1 capillary column 
(30 m, 0.25 mm i. d., 0.25 um film). The temperature regime 
used was an initial temperature of 120 C with a 15 C/min 
gradient to 210 C followed by an increase of 5 C/ min 
gradient to 260 C. The splitless injection mode was used 
and the carrier gas was hydrogen. 
The culture filtrate extracts were evaporated to 
dryness and an amount equivalent to 4 ml of aqueous culture 
filtrates transferred to autosample vials and 50 ug of an 
internal stand (5a-cholestane) was added. The samples were 
diluted to 1 ml with chloroform and 2 u.1 of each sample then 
was injected into GC by a Spectra Physics 7110 autosampler. 
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The sample concentrat ions were determined by a l inear 
regression ana lys i s of t r ichothecin s tandard analyzed a t 25, 
50, 100, or 200 jxg/ml with the ra t io of a r ea of t r i cho thec in 
standard peak/ area of 5a-cholestane peak. 
c) Mass spectrometry 
To confirm the presence of t r i c h o t h e c i n in cu l tu re , the 
crude underivat ized ex t rac t was analyzed by GC/MS on a 
Finnegan 4535/TS9 mass spectrometer. The mass spectrometer 
was operated in the e lec t ron impact i o n i z a t i o n mode (70 EV) . 
The GC/MS ana lys i s was made with a fused s i l i c a cap i l l a ry 
DB-1 column 15 m by 0.25 mm (J&Y Scientific-RanchoCordova, 
CA) that was d i r e c t l y coupled to the ion source. Helium was 
used as a c a r r i e r gas a t 50 cm/sec. The in jec t ion por t 
temperature was held a t 250 C. Samples were injected in a 
s p l i t r a t i o of a approximately 60:1. 
Role of t r i cho thec in in antagonism of T. roseum to Pmg 
The a c t i v i t y of t r ichothec in s tandard on mycelial 
growth, zoosporangenesis, and oospore germination of Pmg was 
s tudied. Trichothecin was dissolved in methanol and added 
t o e i ther autoclaved agar medium in the case of mycelial 
growth and oospore germination or to s t e r i l e deionized 
d i s t i l l e d water in the case of zoosporangenesis t e s t . 
a) Mycelial growth inhibi t ion 
The following t r ichothec in concentra t ions in LBA were 
prepared, 0 . 1 , 0 .2 , 0 . 5 , , 1.0, 2.0, 5 .0, 10.0 , 20.0, or 50.0 
ug/ml. Ten ml of each mixture was poured in to 9-cm c u l t u r e 
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plates separately. After solidification, plates were 
inoculated with a 7-mm agar plug from the margin of 3-day-
old culture of Pmg. Inoculated plates were incubated for 6 
days at 25 C. The PIRG was calculated as described 
previously. Treatments were replicated five times and 
arranged in a completely randomized design. The experiment 
was done twice. 
b) Effect on zoosporangenesis 
Cultures of Pmg on LBA were prepared as described 
previously. The trichothecin standard was added to sterile 
deionized distilled water to give concentrations of 0.1, 
0.2, 0.5, 1.0, 2.0, 4.0, or 5.0 (Ag/ml. Cultures of Pmg were 
flooded with each of trichothecin concentrations separately. 
Culture plates of Pmg flooded with sterile deionized 
distilled water served as control. Treatments were 
replicated five times and arranged in completely randomized 
design. The experiment was done twice. 
c) Effect on oospore germination 
The effect of trichothecin on oospore germination was 
studied. Oospores were obtained as follows (63); a 7-mm 
agar plug from the margin of a 3-day-old Pmg colony was 
transferred into 9-cm culture plates containing 10 ml of 1% 
LBA. The inoculated plates were incubated for 2-3 wk at 23 
C. The mycelium with the agar was ground in a sterile 
Waring blender with 25 ml sterile deionized distilled water 
for 1 min at low speed. The mixture was centrifuged for 15 
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min at 630 G and the supernatant containing the agar was 
discarded. The pellet was washed once with sterile 
deionized distilled water to remove residual agar and 
mycelial fragments. The oospore pellet was suspended in 1 
ml sterile deionized distilled water and 0.02 g 
hemicellulase (rhozyme, Genencor, Inc. South San Francisco, 
CA) and 0.04 g cellulase (meicelase, Mijii Seika Kaisha Ltd, 
Tokyo, Japan) were added to the suspension (unpublished R. 
E. Wagner, Plant Pathology Department, UIUC). The 
suspension was incubated on a reciprocal shaker for 16 hr at 
30 C. After the incubation the mixture was poured through 
sterile 100- and 500-mesh screens. Oospores were washed 
with sterile deionized distilled water and poured off the 
500-mesh screen into a 15 ml test tube. The oospore 
suspension was centrifuged for 25 min at 630 G. The 
supernatant was discarded and the pellet resuspended in 
sterile deionized distilled water to a density of 100-200 
oospores/20 al. 
The oospore suspension was vortexed and 20 al delivered 
to the center of 60 x 15 mm culture plates contained 5 ml 
water agar. The water agar was prepared by dissolving 5 g 
Difco agar in 1 L deionized distilled water and, after 
autoclaving, amending it with different amount of the 
trichothecin standard to give concentrations 0.1, 0.2, 0.5, 
1, 2, 5, 10, or 20 ag/ml. The plates were sealed in 10 x 20 
cm plastic bags and incubated under continuous light for 5-7 
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days at 27 C. Sufficient water was added to the plates to 
form a film, and the number of germinated and ungerminated 
oospores was recorded using a bright-field binocular 
microscope under lOx magnification. The treatments were 
replicated five times and arranged in a completely 
randomized design. The experiment was done three times. 
Variation among isolates of T. roseum 
Sixteen isolates of T. roseum (Table 1) , except 
isolate AT-3, were grown on MCD as described previously. 
The 250 ml Erlenmeyer flasks containing 50 ml medium, were 
incubated in dark for 25 days at 25 C. Colony color and 
growth habit of the isolate were compared. The mycelial mat 
from each flask was collected on Whatman No.l filter paper 
then dried in an oven for 24 hr at 50 C and weighed 
recorded. The treatments were replicated four times and 
arranged in completely randomized design. 
Culture filtrates of each isolate were combined and 
extracted as described previously. Gas-chromatography 
analysis was used to determine the quantity of trichothecin 
in the culture filtrates of each isolate. 
The isolates also were cultured on PDA to determine the 
degree of variation in conidial size. Culture plates 
containing 20 ml of PDA were seeded separately with a 7-mm 
PDA disks from each isolate. The disks were cut with a cork 
borer from advancing margins of fresh colonies. Culture 
plates containing the inoculum were incubated for 7 days at 
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25 C. The spores of each isolate were scraped from the 
surface of the PDA colony and measurements of 50 conidia 
were made under a bright-field binocular microscope using a 
micrometer. Treatments were replicated four times and 
arranged in a completely randomized design. 
Inoculum preparation of Pmg and T. roseum 
Two-hundred cc of oat grains (cv. Lang) (Illinois 
Foundation Seeds, Inc., Tolono, IL) were placed in 1000 ml 
Erlenmeyer flasks, and soaked in 200 or 400 cc deionized 
distilled water for 2 hr then autoclaved for 20 min at 121 C 
for 2 successive days. Flasks with autoclaved oat grains 
and 200 ml water were inoculated with a 6-day-old culture of 
T. roseum and those with 400 ml water with culture of Pmg. 
T. roseum was incubated for 10 days and Pmg for 14 days at 
25 C. Flasks were shaken every other day during the 
incubation period. The oat grains from all flasks of each 
fungus were pooled, mixed by hand and used as inoculum 
either in the greenhouse or field. 
Greenhouse studies 
A Drummer silt loam soil and sand were sieved through a 
2 mm screen and mixed together in equal volumes. The soil 
mixture was steamed for 4 hr, allowed to stand at ambient 
temperature for 24 hr, then steamed again. Air dried, 
steamed soil was mixed with 15 cc of oat grains infested 
with either Pmg or T. roseum/L soil. The experiment 
consisted of a control (no Pmg / no T. roseum) and one of 
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the following treatments: i) oat grains infested with Pmg; 
ii) oat grains infested with T. roseum; iii) a combination 
of oat grains infested with Pmg and T. roseum; iv) killed 
Pmg; v) killed T. roseum; vi) a combination of killed Pmg 
and killed £. roseum. The fungi were killed by autoclaving 
infested oat grains for 15 min at 121 C. 
Each mixture was prepared separately by hand in plastic 
bags then 750 or 900 cc of each mixture was placed in a 
styrofoam pot, 11.5 x 14 cm, (Handi-Kup Co., 1351 Hawthorne 
Lane, West Chicago, IL 60185). A completely randomized 
block design was used. Each treatment was replicated four 
times. The data were analyzed as a split-plot, mainplots 
being the planting dates and subplots being the treatments. 
Pots containing 750 cc soil were planted 10 days before pots 
containing 900 cc. Before planting, 150 cc of soil was 
taken from each experimental unit. Another 150 cc was taken 
from pots initially containing 900 cc of soil before 
planting leaving 600 cc soil in all experimental units. 
Eight soybean seeds of certified cultivar Williams (Illinois 
Foundation Seeds, Inc., Tolono, IL.) known to be susceptible 
to Pmq race 1 (52) were planted in each pot. All pots were 
watered every day to keep the soil moist. 
One month after emergence, plants were cut at the soil 
surface and dried in oven for 48-72 hr at 50 C. The dry 
weight was calculated using the following formula: 
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Mean top dry weight/pot = Mean top dry wt. x % plant stand 
At the end of the experiment another 150 cc soil sample 
was taken from each experimental unit and the activity of 
Pmg and presence of trichothecin determined. 
a) Activity of Pmg 
The assay used in this study to determine the activity 
of Pmg was described by Wilkinson (77) . The soil sample was 
mixed to insure homogeneity then diluted with sterile 
autoclaved soil (1:0, 1:2, 1:9, 1:19, or 1:29 v:v) . Thirty 
cc portions of each soil dilution were placed into 100 x 80 
cm glass culture plates. Sterile deionized distilled water 
was added to cover the soil to a depth of 2 mm. Ten soybean 
leaf disks (5 mm diameter) were placed on the water surface. 
The plates were incubated in dark for 24 hr at 21 C. The 
disks were blotted by sterile paper towel and then placed on 
LBA containing the following : quintozene 0.027 g/L, benomyl 
0.02 g/L, rifampcin 0.009 g/L, and ampicillin 0.1 g/L. 
Plates were incubated for 3-4 days at 25 C then examined for 
the presence of mycelium and oospores of Pmg. Data were 
recorded as the number of infected disks per dish. 
Phytophthora activity was calculated by summing the products 
of the dilution factors and the average number of infected 
disks per plate; 
Pmg activity = 1A + 3B + 10C + 20D + 30E, 
where A, B, C, D, and E equaled the average number of disks 
infected per plate in the 1:0, 1:2, 1:9, 1:19, or 1:29 
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dilution, respectively, 
b) Trichothecin extraction from soil 
Two solvent systems using chloroform and methanol to 
extract trichothecin from soil were tried. The trichothecin 
standard was dissolved in chloroform and 100 ag of 
trichothecin was added to 100 cc g oven dry soil in 250 ml 
Erlenmeyer flask. Water was added before tricothecin to 
bring soil to 60% of saturation and allowed 15 min to 
equilibrate. Soil without trichothecin served as a control. 
Each soil sample was extracted three times with either 
chloroform or methanol. For each extraction 100 ml of 
solvent was added to the soil, and for the first extraction, 
flasks were placed on a shaker for 60 min, for the second 
and third extractions the flasks were shaked by hand for 5 
min. The liquid was filtered through one layer of Whatman 
No.l filter paper and the filter paper was rinsed twice with 
20 ml of the same solvent. Extracts were dried in a flash 
evaporator under vacuum, and then the residues were 
dissolved in 1 ml chloroform. The solution was passed 
through Sep-pak column, and the column was washed with 10 ml 
chloroform. The solution was dried under nitrogen. 
Gas chromatography were performed to determine the 
efficiency of each solvent in recovering trichothecin from 
soil. Methanol was found more efficient than chloroform. 
Therefore, soil samples were extracted with methanol with an 
assumed extraction efficiency of 70%. 
32 
For bioassay, the extracts were dissolved in 0.5 ml 
methanol and 0.05 ml was added to 100 ml LBA. The medium 
was poured into 9-cm culture plates (15 ml), then allowed to 
solidify, and each plate was inoculated with an agar plug 7-
mm of 3-day-old culture of Pmq into the center of each 
plate. The plates were incubated in the dark for 7 days at 
25 C and the radial growth recorded. 
Field studies 
A field plot was established on the Horticulture Farm, 
UIUC, Urbana, which had been in rotation with soybeans and 
maize for more than 10 yr. The plot was divided to four 
blocks, and each block was 10 x 8.5 m. Two blocks were 
fumigated, one on 1 May and the second on 25 May 1986. The 
other two blocks were unfumigated. Two blocks, one 
fumigated and one unfumigated, were planted 5 May and the 
other two 28 May 1986 with same statistical design and 
treatments as well as the amount of inoculum of Pmg and T. 
roseum. 
The soil was fumigated with 405 kg/ha of 98% methyl 
bromide plus 2% chloropicrin. The soil was covered with 
black polyethylene plastic which was secured by digging a 
ditch 30-cm deep and 30-cm wide and burying the edge of the 
plastic in the ditch. After 48 hr, the plastic was removed 
and the soil was left for 48 hr for aeration. 
Each of the four blocks consisted of 10 treatments with 
five replicates, and the treatments were arranged in a 
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completely randomized design. Each block consisted of the 
control (no Pmg/ no T. roseum) and one of the following: i) 
seeds and soil treated with T. roseum and soil infested with 
Pmg; ii) same as (i) but untreated seeds; iii) same as (i) 
but untreated soil iv) same as (iii) but untreated seeds; v) 
same as (iii) but no Pmg; vi) same as (ii) but no Pmg: vii) 
treated seeds, uninoculated oats, and Pmg; *viii) same as 
(vii) but untreated seeds; or ix) same as (viii) but no Pmg. 
Rows were 0.5 m long with width of 76 cm apart. Weeds 
were controlled by hand cultivation, and by a preemergence 
herbicide Lasso, (Alachlor) (2-Chloro-N-(2,6 diethylphenyl)-
N-methoxymethylace tamide), 7.5 L/ ha. Thirty-six soybean 
seeds of certified Williams / m were planted. In case of 
seed treatment with T. roseum. isolate SS-3 was grown on PDA 
in the dark for 14 hr at 25 C. Soybean seeds were coated 
with conidial suspension at a concentration of 1.64 x 104 
spores per 429 g seeds plus 0.858 g of methylcellulose to 
act as a sticker. Commercial Rhizobium japonicum Kirchner 
inoculum was applied as a dry (1.34 g inoculum per 429 g 
seeds) to seeds treated or untreated with T. roseum. The 
seeds were air dried before planting. 
Twenty g of oat grains infested with T. roseum or Pmg. 
individually or in combination, were introduced into soil as 
a soil treatment at the time of planting. Water was applied 
by overhead sprinklers during the first month following each 
planting date to maintain moist conditions. 
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The number of surviving seedlings was determined 50 
days after planting. The percentage of surviving plants was 
based on differences between the number of seedlings and the 
total number of planted seeds. Plants in 1 m of row were 
harvested from each of the center rows. The 1000-seed 
weights were recorded in g from each experimental unit. 
One-hundred seeds from each experimental unit were assayed 
for internally seedborne fungi. Seeds were surface 
disinfected by immersion in 0.52% NaOCl (10% Clorox) 
solution for 4 min and washed three times in sterile 
deionized distilled water for 1 min intervals. The seeds 
were plated on PDA (pH 4.5) acidified using acetic acid, 
with five seeds /plate. A seed was considered germinated if 
the length of the radical was greater than 2.5 cm. Data 
were recorded after 7 days at 25 C. 
Data analysis 
All statistical analyses were done using Statistical 
Analysis System (SAS) on the IBM system. Data were analyzed 
by the formula for least significant differences for split-
plot, completely randomized designs, and randomized complete 
block designs at P=0.05. 
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RESULTS 
Zoospore production by Pmg. Cultures that contained 
two or three mycelial plugs of Pmg on half-strength LBA and 
were incubated for 3 days produced the highest number of 
zoospores/ml, 8.84 x 104 and 1 x 105 , respectively (Fig. 
2). The same treatments after 5 days produced 5.94 x 104 
and 3.2 x 104 zoospores/ ml, respectively. 
All treatments on full strength LBA and incubated for 3 or 5 
days produced fewer zoospores than those on half-strength 
LBA except the one using three mycelial plugs incubated for 
5 days. Cultures on full-strength LBA incubated for 5 days 
produced a higher number of zoospores than those incubated 3 
days. Therefore, cultures containing three mycelial plugs 
on half- strength LBA and incubated for 3 days was used in 
the remainder of this study. 
Antagonism of G. roseum. T. harzianum. and T. roseum to 
Pmg. The results showing the antagonistic effect of culture 
filtrates of G. roseum, T. harzianum. and T. roseum against 
Pmg are presented (Fig. 3). Culture filtrates of T. roseum 
produced the greatest inhibition of mycelial growth of Pmg. 
Culture filtrates of T. roseum at 0.5 and 20% inhibited 
mycelial growth of Pmg at 3.1 and 90.4%, respectively. 
Culture filtrates of G. roseum and T. harzianum at 0.5 and 
20% inhibited mycelial growth of Pmg by -0.7 and 0.7%, and 
44 and 46.6%, respectively. There was no significant 
difference between the inhibition of mycelial growth of Pmq 
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Fig. 2. Effect of lima bean agar strength, incubation period, 
and number of mycelial plugs on zoospore production of 
Phytophthora megasperma f. sp. glycinea (Pmg) race 1. Cultures 
of Pmg were washed, after the incubation periods, five times 
with 10 ml sterile deionized distilled water at 3 0-min 
intervals to induce zoosporangenesis. The wash water was 
discarded. The plates then were flooded with 15 ml sterile 
deionized distilled water and incubated for 8-10 hr at 21 C. 
Zoospore number was determined with a hemacytometer after their 
motility was stopped by adding one drop of 0.1% aniline blue in 
lactophenol to l ml of zoospore suspension. 
Fig. 3. Inhibition of mycelial growth of Phytophthora megasperma f. sp. glycinea 
on lima bean agar amended with culture filtrates of Gliocladium roseum. 
Trichoderma harzianum. and Trichothecium roseum grown on sterile modified Czapek-
Dox broth (MCD). Means based on five replicates. The percentage inhibition 
expressed as; (Al -A2)/A1 x 100, where Al is the mean radial growth of the 
control and A2 of lima bean agar amended with culture filtrates. Plates without 
culture filtrates served as control. Columns topped by the same letter are not 
significantly different from one another at P=0.05. 
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Fig. 4. Mean of mycelial growth of Phytophthora megasperma f. sp. glycinea on 
lima bean agar amended with culture filtrates of Gliocladium roseum. Trichoderma 
harzianum. and Trichothecium roseum. grown on sterile modified Czapek-Dox (MCD) 
broth. Means based on five replicates of six concentrations: 0.5, 1, 5, 10, 15, 
and 20%. The percentage inhibition expressed as; (Al - A2)/A1 x 100, where Al is 
the mean radial growth of the control and A2 of the lima bean agar amended with 
culture filtrates. Plates without culture filtrates served as control. Columns 
topped by the same letter are not significantly different from one another at 
P=0.05. 
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served as control. Means based on five replicates. Columns topped by the same 
letter are not signficantly different from one another at P=0.05. 
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by culture filtrates of G. roseum and MCD (Fig. 4). The 
inhibition of mycelial growth by culture filtrates of T. 
harzianum was similar to that of MCD. 
Zoosporangenesis of Pmq was significantly inhibited by 
culture filtrates of T. roseum at 0.5% with complete 
inhibition at 1% (Fig. 5 and 6). Culture filtrates of G. 
roseum and T. harzianum significantly inhibited 
zoosporangenesis of Pmg at 5%, although not significantly 
different from MCD. G. roseum. T. harzianum. and MCD at 10% 
inhibited zoosporangenesis of Pmq by 63.1, 61.2, and 57.1%, 
respectively. 
When cultures of Pmg were washed with 2% culture 
filtrates of T. roseum followed by flooding with sterile 
deionized distilled water, zoosporangenesis was inhibited 
98.9%; and when washed and then flooded with 2% culture 
filtrate, zoosporangenesis was completely inhibited. 
Therefore, T. roseum was used throughout the remainder 
of this study, unless otherwise indicated. 
Antagonism of 17 isolates of T. roseum to Pmg. Culture 
filtrates of 17 isolates of T. roseum inhibited the mycelial 
growth of Pmg (Fig. 7). culture filtrates of isolate 9 
showed the most inhibition of mycelial growth (87.7%) and 
isolate 1 the least (59.5%). Inhibition did not 
significantly differ between culture filtrates of isolates 
2, 4, 7, 8, 9, 10, 12, 14, 15, 16, and 17. Culture filtrates 
of isolates 7 and 9 at 10% concentration completely 
4i> 
Fig. 7. Mean inhibition of mycelial growth of Phytophthora megasperma f. sp. 
glycinea on lima bean agar amended with culture filtrates of 17 isolates of 
Trichothec ium roseum. grown on sterile modified Czapek-Dox (MCD) broth in the 
dark for 25-days at 25 C. Means based on five replicates of four concentrations 
: l, 5, 10, and 20%. The percentage inhibition expressed as; (Al - A2/A1) x 100; 
where Al is the mean radial growth of the control and A2 of the lima bean agar 
amended with culture filtrates. Amended lima bean agar with sterile MCD broth 
served as control. Columns topped by the same letter are not significantly 
different from one another at P=0.05. 
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Fig. 8. Mean inhibition of zoosporangenesis of Phytophthora megasperma f. sp. 
glycina (Pmg) by culture filtrates of 17 isolates of Trichothecium roseum. grown 
on sterile modified Czapek-Dox broth in the dark for 25-days at 25 C. Three-
day-old cultures of Pmg were washed five times with 10 ml sterile deionized 
distilled water at 30-min intervals to induce zoosporangenesis. The wash water 
was discarded. The plates then were flooded separately with 15 ml of each 
culture filtrate concentration for 8-10 hr at 21 C. Means based on five 
replicates of four concentrations; 0.5, 1, 2, and 5%. Columns topped by the same 
letter are not significantly different from one another at P=0.05. 
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inhibited mycelial growth, while those of isolates 2, 8, 10, 
12, 14, 15, 16, and 17 did so at 20%. Isolates 1, 3, 4, 5, 
6, 11 and 13 at 20% inhibited mycelial growth of Pmq 90 to 
94.8% (Appendix 1). 
Zoosporangenesis of Pmg was inhibited at 81 and 95.5% 
by culture filtrates of isolates 5 and 9, respectively (Fig. 
8) . No significant difference in the amount of inhibition 
occurred among isolates 1, 3, 4, 5, 6, 11, and 13. 
Zoosporangenesis was completely inhibited at 2% of culture 
filtrates of isolates 2, 7, 9, 10, 12, 14,15, 16 and 17, and 
at 5% for the remaining isolates (Appendix 2). 
Culture filtrates of isolate 9 inhibited mycelial 
growth or zoosporangenesis of Pmq more than that of any 
other isolate. 
Activity of culture filtrates of T. roseum on 16 races 
of Pmg. The mycelial growth of the 16 races of Pmg were 
inhibited 65.5 to 92.2% by culture filtrates of T. roseum 
(Fig. 9). Mycelial growth of most races was completely 
inhibited at 10% concentration and all races, except race 
6, were completely inhibited at 20% (Appendix 3). 
Zoosporangenesis of the 16 races of Pmg was inhibited 
at a 2% concentration of the culture filtrates of T. roseum. 
Effect of culture filtrates on zoosporangenesis in 
soil. Culture filtrates of T. roseum inhibited the 
zoosporangenesis of Pmg in infested soil. The percentage of 
infected soybean leaf disks of the control was 48% and 88% 
Fig. 9. Mean inhibition of mycelial growth of 16 races of Phytophthora 
meagsperma f. sp. glycinea (Pmg) on lima bean agar amended with culture filtrates 
of Trichothecium roseum. grown on sterile modified Czapk-Dox (MCP) broth for 25-
days in the dark at 25 C. Means based on five replicates of four concentrations 
: 1, 5, 10, and 20%. The percentage inhibition expressed as; (Al -A2)/A1 x 100, 
where Al is the mean radial grwoth of the control and A2 of the lima bean agar 
amended with culture filtrates. Amended lima bean agar with sterile MCD broth 
served as control. Columns topped by the same letter are not significantly 
different from one another at P=0.05. 
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Fig. 10. Inhibition of mycelial growth of Phytophthora 
megasperma I. sp. glycinea by various concentrations of 
methanol in the lima bean agar after 6-days at 25 C. Plates 
without methanol served as control. Points are the means of 
five replicates. The percentage inhibition expressed as; (Al-
A2/A1) x 100, where Al is the mean radial growth of the control 
and A2 that of lima bean agar amended with methanol. Points 
followed by the same letter are not significantly different 
from one another at P=0.05. 
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Fig. 11. Relationship between inhibition of zoosporangenesis 
of Phytophthora megasperma f. sp. glycinea and increased 
concentrations of methanol in sterile deionized distilled 
water. Points are the means of five replicates. Three-day-old 
cultures of Pmg on lima bean agar were washed five times with 
10 ml sterile deionized distilled water at 30-min intervals to 
iduce zooporangenesis. The wash water was discarded. The 
plates then flooded with 15 ml of each methanol concentration 
separately and incubated for 8-10 hr at 21 C. Culture plates 
flooded with sterile deionized distilled water served as 
control. Points followed by the same letter are not 
significantly different from one another at P=0.05. 
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a f t e r 12 and 24 hr , r e s p e c t i v e l y . The percentage of 
infected soybean leaf d i s k s from s o i l t r e a t e d with a 1% 
concentrat ion of cu l tu re f i l t r a t e s was 10 and 32% af te r 12 
and 24 hr , r e s p e c t i v e l y . No in fec t ion was found on leaf 
d i sk s from s o i l t r ea t ed with e i t h e r 10 or 20% 
concentra t ion of the c u l t u r e f i l t r a t e s . 
S e n s i t i v i t y of Pmg t o methanol Mycelial growth of Pmg 
was not s i g n i f i c a n t l y i n h i b i t e d when LBA was amended w i t h up 
t o 0.2% methanol (Fig. 1 0 ) . However, mycel ia l growth was 
s i g n i f i c a n t l y inh ib i ted 0.4% methanol. Complete i n h i b i t i o n 
occurred on LBA amended with 10% methanol. Therefore, 0.2% 
methanol or l e s s was used throughout the remainder of t h i s 
s tudy. 
Zoosporangenesis of Pmg was not s i g n i f i c a n t l y i n h i b i t e d 
when methanol was added t o s t e r i l e deionized d i s t i l l e d w a t e r 
up t o 30 fil/ 100 ml (Fig. 11). S ign i f i can t inh ib i t ion of 
zoosporangenesis occurred when more than 60 u.1/ 100 ml 
methanol was used. Zoosporangenesis was i n h i b i t e d by 89.8% 
when 1 ml methanol was added to 100 ml s t e r i l e deionized 
d i s t i l l e d w a t e r . A concentra t ion of 30 u-1/ 100 ml or l e s s 
of methanol i n s t e r i l e deionized d i s t i l l e d water was used 
throughout t h e remainder of t h i s s tudy . 
Culture f i l t r a t e s ex t r ac t i on and Sep-pak eff iciency 
To determine which of four f r ac t ions c o l l e c t e d from t h e 
Sep-pak column contained t h e i n h i b i t o r y compound, a b ioas say 
fo r zoosporogenesis by Pmg was used. No zoospores of Pmg 
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were produced when the first fraction was added to the 
flooding water. When the second fraction was added the 
number of zoospores was 7.8 x 104 / ml. There was no 
difference in the number of zoospores produced by flooding 
with either third and fourth fractions or the control (13.6 
x 104 ) . Thus, the inhibitory compound was present in the 
first and second fractions. The Sep-pak column was washed 
with 10 ml chloroform to insure complete recovery of the 
inhibitory compound. 
To test the efficiency of the Sep-pak column to purify 
trichothecin, gas chromatography was used. The results for 
the GC study showed that more than 95% of a trichothecin 
standard, which was added to the sterile MCD broth before 
the extraction, was recovered. Therefore, chloroform and 
Sep-pak columns were used for extraction and to clean-up of 
all culture filtrate samples. 
Identification of the inhibitory compounds in culture 
filtrates of T. roseum Thin-layer chromatographic analysis 
was used to identify the inhibitory compound in the culture 
filtrates of T. roseum. Two spots were conspicuous by their 
yellow color after the TLC plates were placed in an iodine 
tank for 1-2 min. The spot with an Rf of 0.66 corresponded 
to the spot produced by the trichothecin standard. 
A bioassay measuring zoosporangenesis inhibition was 
carried out to identify the inhibitory compounds in the 
two TLC spots found in culture filtrate extracts. The spot 
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Fig. 12. Gas chromatogram of tricothecin standard at 100 
jig/ml (A), t r ichothecin standard retention time was 12.8 min? 
cul ture f i l t r a t e s of i so la te AT-1 of Trichothecium roseum 
(B) , t r ichothecin retention time was 12.8 min; and re ten t ion 
times observed of other compounds were 7 .16 , 8.39, and 10.81 
min; culture f i l t r a t e s of i s o l a t e SS-4, t r ichothecin 
re tent ion time was 12.8 min and one other retention t ime of 
other unknown compound was 10.81 min. Retention time of 5a-
cholestane, an internal standard, was 18.54 as shown in A, B, 
and C. 
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Fig. 13. Gas chromatography/Mass spectrometry chromatogram of 
a trichothecin standard (A) and a culture filtrate extract of 
Trichothecium roseum grown on modified Czapek-Dox broth in the 
dark for 25 days at 25 C (B). The trichothecin standard and a 
component of the culture filtrate extract eluted at 9.5 min. 
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Fig. 14. Mass spectra of trichothecin standard (A) and 
trichothecin detected in culture filtrates of Trichothecium 
roseum. grown on sterile modified Czapek-Dox broth in the 
dark for 25 days at 25 C (B). The mass to charge ratio (m+) 
was 332 in A and B. 
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which corresponded t o t h e trichothecin standard completely 
inhibi ted zoosporangenesis when added t o the flooding water. 
There was no activity associated with the second spot. 
Thus, t h e inhibitory compound was found in the spot with an 
Rf of 0.66 and corresponded to that of the trichothecin 
standard. 
After the ident i f icat ion of t r ichothecin by the TLC 
analys is , GC and MS were used for confirmation. The 
chromatograms showed t h a t the retention time was 12.8 min 
for both the trichothecin standard a t 100 pig/ml and for 
t r ichothecin from cu l ture f i l t r a t e ex t r ac t s of i so la tes AT-1 
and SS-4 (Fig. 12). The retention time of one of the 
components in the ex t r ac t s from i so l a t e s AT-1 and SS-4 was 
the same as to tr ichothecin standard, sufficiently pos i t ive 
for confirmation of t r ichothecin in cu l tu re f i l t r a t e s of T. 
roseum. The retention time of the in t e rna l standard 5a-
cholestane was observed in a l l samples a t 18.5 min. Another 
peak with a retention time of 10.9 min was observed from 
both i s o l a t e s . Two other peaks with retent ion times of 8.39 
and 13.95 min, respectively, appeared in the chromatogram of 
i so la te AT-1. These compounds were not identified. The 
re tent ion time of the i n t e rna l standard 5a-cholestane was 
observed a t 18.5 min in the a l l samples. 
The presence of t r ichothecin in cu l ture f i l t r a t e 
ext racts of T. roseum a l so was confirmed by using GC/MS. 
The t r ichothecin standard eluted at 9.4 min (Fig. 13). The 
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Fig. 15. Relationship between inhibition of mycelial growth of 
Phvtopthora megasperma f. s p . glycinea and increased 
concentrations of t r ichothecin standard on lima bean agar after 
6-days at 25 C. Plates without trichothecin standard served as 
control. Points are the means of five r ep l i c a t e s . The 
percentage inhibit ion expressed as; (A1-A2/A1) x 100, where Al 
i s the mean radial growth of the control and A2 tha t of lima 
bean agar amended with t r ichothec in standard. Points followed 
by the same l e t t e r are not s ignif icant ly di f ferent from one 
another a t P=0.05. 
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Fig. 16. Semilogarithmic relationship between percentage 
inhibition of mycelial growth of Phytophthora megasperma f. sp, 
glycinea and increased concentrations of trichothecin standard 
on lima bean agar. 
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Fig. 17. Relationship between inhibition of zoosporangenesis 
of Phytopthora megasperma f. sp. glycinea and increased 
concentrations of trichothecin standard in sterile deionized 
distilled water. Points are the means of four replicates. 
Three-day-old cultures of Pmg on lima bean agar were washed 
five times with 10 ml sterile deionized distilled water at 30-
min intervals to induce zoosporangenesis. The wash water was 
discarded. The plates then flooded with 15 ml of each 
trichothecin standard concentration separately and incubated 
for 8-10 hr at 21 C. Culture plates flooded with sterile 
deionized distilled water served as control. Points followed 
by the same letter are not significantly different from one 
another at P=0.05. 
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Fig. 18. Relationship between oospore germination of 
Phytophthora megasperma f. sp. glycinea and increased 
concentrations of trichothecin standard on water agar. Points 
are the means of four replicates. The percentage germination 
of oospores was calculated by dividing the germinated of 
oospores by the total number of oospores in the plate then 
multiplying by 100. Water agar plates containing no 
trichothecin standard served as control. Points followed by 
the same letter are not significantly different from one 
another at P=0.05. 
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highest peak from culture filtrates eluted at 9.5 min with 
two other major peaks eluting at 8.6 and 10.3 min, 
respectively. The mass to charge ratio of the trichothecin 
standard (m+) was 332 and was the same as that obtained 
from culture filtrate samples (Fig. 14). The mass spectra 
were similar to those reported for trichothecin (14) . 
The data from TLC, GC, and GC/MC were sufficient for 
the confirmation of trichothecin in the culture filtrates of 
T. roseum. 
Role of trichothecin in antagonism of T. roseum to Pmg 
The activity of trichothecin on mycelial growth, 
zoosporangenesis, and oospore germination of Pmq was studied 
by adding trichothecin to autoclaved LBA, sterile deionized 
distilled water, or water agar, respectively. The effect of 
trichothecin on the mycelial growth is shown (Fig. 15) . 
Trichothecin significantly inhibited the mycelial growth of 
Pmg at 0.1 |xg/ml. Trichothecin inhibited 16.28% of mycelial 
growth of Pmg at 0.1 jxg/ml and 100% at 6 jxg/ml. Inhibition 
of mycelial growth of Pmg started to plateau between 1 and 2 
|ig/ml. Plotting percent inhibition of mycelial growth 
against the log of concentration of trichothecin resulted in 
a linear relationship (Fig. 16). 
The effect of trichothecin on zoosporangenesis of Pmg 
is shown (Fig. 17). Zoosporangenesis of Pmg was 
significantly inhibited at 0.1 u.g/ml. Zoosporangenesis was 
inhibited by 30.5 and 100% at 0.1 and 1 u.g/ml, respectively. 
68 
CO 
CD 
CO 
CO 
CD 
a 
c 
o 
u> JZ 
4-» 
o 
. £ 
o 
1 _ 
** 
o 
CO 
CD 
l _ CO 
o 
o 
*s CO 
*-o 
oT 
o 
100 
cC 
•o 
T " 
*^ 
X 37 
co CD 
a 
CD 
c 
CO 3 15 
CD 
o 
JC 
' ? 8 •4 
10 
3 
ll 
Log trichothecin standard (ug/ml) 
Fig. 19. Quanti tat ive l i n e a r r e l a t i o n s h i p between t r ichothecin 
s tandard and r a t i o of area of t r i cho thec in standard peak/area 
of 5a-cholestane peak (10~2) from gas chromatography (GC) 
a n a l y s i s . The curve was used for quantifying t r i cho thec in from 
c u l t u r e f i l t r a t e e x t r a c t s of 16 i s o l a t e s of Trichothecium 
roseum analyzed by using GC. 
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Table 2. Mean of trichothecin production (mg/1) from culture 
filtrates of 16 isolates of T. roseum grown on modified 
Czapek-Dox in the dark for 25-days at 25 C. 
Isolate 
AT-1 
AT-2 
DW-1 
DW-2 
SS-1 
SS-2 
SS-3 
SS-4 
SS-5 
SS-6 
SS-7 
SS-8 
SS-9 
SS-10 
SS-11 
SS-12 
G C 
20 
51 
26 
18 
23 
54 
34 
61 
55 
25 
49 
22 
53 
51 
45 
50 
Bioassay2 
18 
52 
24 
18 
23 
56 
35 
60 
55 
25 
49 
21 
52 
49 
45 
51 
y Culture filtrates were extracted three times by chloroform 
(v:v). Amount of trichothecin was measured by gas 
chromatography and using the standard curve (Fig. 19) . 
z Culture filtrates were added separately to lima bean agar 
and percentage of inhibition of Phytophthora megasperma f. 
sp. olvcinea was expressed as: (Al - A2/A1) x 100; where Al 
is the mean of radial growth of the control and A2 of the 
lima bean agar amended with culture filtrates. The amount 
of trichothecin was estimated by using the standard curve 
(Fig. 16). 
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Table 3. Mycelial dry weight (g) of 16 isolates of 
Trichothecium roseum grown on modified Czapek-Dox in the dark 
for 25-days at 25 C. 
Isolate Mean mycelial dry weight (g)w 
AT-1 0.841 ef* 
AT-2 0.828 f 
DW-1 0.940 ab 
DW-2 0.916 be 
SS-1 0 863 def 
SS-2 0.873 de 
SS-3 0.947 ab 
SS-4 0.920 abc 
SS-5 0.912 be 
SS-6 0.885 cd 
SS-7 0.885 cd 
SS-8 0.856 def 
SS-9 0.944 ab 
SS-10 0.935 ab 
SS-11 0.957 a 
SS-12 0.892 cd 
FLSD* 0.038 
C.V. (%)z 3^02 
w Means based on f o u r r e p l i c a t e s of 250 ml Erlenmeyer f l a s k 
c o n t a i n e d 50 ml MCD, was i n o c u l a t e d by 3 -day-o ld of 7-mm 
m y c e l i a l p l u g of T. roseum. F l a s k s were i n c u b a t e d i n t h e 
da rk f o r 25 days a t 25 C. M y c e l i a l mat from each f l a s k was 
s e p a r a t e d by Whatman N o . l f i l t e r p a p e r t h e n d r i e d i n oven 
f o r 24 h r a t 50 C. 
x Values fo l l owed by t h e same l e t t e r a r e n o t s i g n i f i c a n t l y 
d i f f e r e n t from one a n o t h e r , b a s e d on F i s h e r ' s l e a s t 
s i g n i f i c a n t d i f f e r e n c e (FLSD) a t P=0 .05 . 
y FLSD=Fisher ' s l e a s t s i g n i f i c a n t d i f f e r e n c e . 
z C . V . = C o e f f i c i e n t of v a r i a t i o n . 
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Table 4. Means of length, width, and range of conidia of 16 
isolates of Trichothecium roseum grown on potato-dextrose agar 
in the dark for 7 days at 25 C. 
Isolate 
AT-1 
AT-2 
DW-1 
DW-2 
SS-1 
SS-2 
SS-3 
SS-4 
SS-5 
SS-6 
SS-7 
SS-8 
SS-9 
SS-10 
SS-11 
SS-12 
FLSD" 
c.v. (%f 
Means (um)w 
Length 
15.7 P 
17.3 def 
17.8 bcde 
17.6 cdef 
16.0 ef 
19.4 abed 
19.6 abc 
19.4 abc 
19.3 abed 
15.8 ef 
19.4 abed 
16.4 ef 
19.0 abed 
20.3 a 
18.4 abed 
19.8 ab 
2.07 
8.01 
Width 
9.4 ab 
8.4 bed 
9.2 abc 
9.0 abc 
8.1 cd 
8 9 abed 
9.0 abc 
8.8 abed 
9.6 a 
7.7 d 
9.2 abc 
8.4 abed 
8.9 abed 
9.0 abc 
8.6 abed 
8.9 abed 
1.21 
9.92 
Range (um)w 
Length 
16.6-22.9 
12 5-20.8 
14.6-22.9 
14.6-22.9 
12.5-18 6 
16.6-25.0 
16.6-22.9 
16.6-22.9 
16.6-22.9 
12.5-18.7 
12.5-18.7 
12.5-20.8 
14.6-22.9 
16.6-22.9 
14.6-20.8 
16.6-22.9 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Width 
8.3-11.7 
6.2-10.4 
8.3-10.4 
6.2-10.4 
6.9-10.4 
8.3-10.4 
8.3-11.7 
8.3-10.4 
8.3-10.4 
6.2-8.3 
8.3 -12.5 
7.5 -10.4 
7.5-11.7 
8.3-12.5 
7.5-10.4 
7.5-10.4 
w Means based on four replicates of 50 spores each. 
x Values followed by the same letter are not significantly 
different from one another, based on Fisher's least 
significant difference (FLSD) at P=0.05. 
y FLSD=Fisher's least significant difference. 
z C.V.Coefficient of variation. 
72 
Oospore germination of Pmg was affected by trichothecin 
with no significant difference between 0.1 to 1 u.g/ml, but 
at 2 u.g/ml and above the oospore germination declined 
significantly with complete inhibition of oospore 
germination occurred at 20 fig/ml (Fig. 18). 
Variation among isolates of T. roseum. Sixteen 
isolates of T. roseum (Table 1), except isolate AT-3, were 
compared for mycelial growth habit and color, mycelial dry 
weight, and trichothecin production in MCD. To compare spore 
size the isolates also were grown on PDA for 6 days at 25 C. 
All 16 isolates synthesized trichothecin in MCD broth 
as shown by GC and by determing tricothecin concentration 
in the samples using a linear regression analysis of a 
trichothecin standard (Fig. 19) . Isolate SS-4 produced the 
most trichothecin (Table 2). Eight of the other isolates 
produced trichothecin in a range of 45-55 mg/1. The 
production of trichothecin by isolate SS-3 (34 mg/1) was 
considered moderate or low when compared to the other six 
isolates. 
The study also showed the ability of the isolates to 
produce other metabolites. Three compounds with the 
retention times of 8.39, 10.9, and 13.95 min (Fig. 12) were 
showed in gas chromatogram. All isolates produced the two 
compounds with retention times of 10.91 and 13.95 min. 
Isolates DW-2, SS-10, SS-ll, and SS-12 did not produce the 
compound with the retention time of 8.39 min. 
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The 16 isolates showed significant differences among 
themselves in dry weight. I so l a t e SS-11 had a dry weight of 
0.957 g not significantly higher than that produced by 
i so l a t e s DW-1, SS-3, SS-4, SS-9, and SS-10 (Table 3 ) . The 
smallest mycelial dry weight produced by i s o l a t e 5 (0.828 g) 
was not significantly d i f f e ren t from isolates AT-1, SS-1, 
and SS-8. 
The isolates showed d i f fe ren t mycelial growth habit, 
color, and exudate production on the colony sur face . Five 
d i s t i n c t groups of growth types were observed : i) dark pink 
, f l a t and covering the e n t i r e surface of the medium 
( i so la tes AT-2 SS-2, SS-4, SS-5, SS-7, and SS-9 - SS-12); 
i i ) dark pink, rolling type growth, and colony not covering 
the en t i r e medium surface (patch pattern) with pink exudate 
( i so la tes AT-1, SS-1, SS-6, and SS-8); i i i ) s imi la r to group 
i , but l i gh t pink color with scattered b l i s t e r - l i k e growth 
on the surface (isolate SS-3) ; iv) light pink color , f la t 
and the colony covering the e n t i r e surface of the medium 
( i so la te DW-1); and v) s imi la r to group iv, but with 
abundance of pink exudate ( i so l a t e DW-2). 
The variation in spore s i z e among the i s o l a t e s of T. 
roseum was not great. The l a rges t mean length was 20.3 \IM 
and shor tes t was 15.7 (xm ( i so l a t e s SS-10 and AT-1, 
respectively) (Table 4). There was no s ignif icant difference 
in mean length between i s o l a t e s AT-1 and AT-2, DW-2, SS-1, 
SS-6, and SS-8, and between i so l a t e SS-10 and the remaining 
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Table 5. Soybean (Glycine max) seedling stands (%) from steam 
sterilized soil infested with either Phytophthora megasperma 
f. sp. .glycinea (Pmg) or Trichothecium roseum alone or in 
combination at 30 days after emergence in the greenhouse at 
two planting dates. 
Planting dateu 
Treatemeatv 
Control 
Pmg 
T. roseum 
Pmg -f- T. roseum, 
Pmg (heat killed) 
T. roseum (heat killed) 
Pmg + T.» r<?se\im (heat killed) 
FLSD* 
C.V.(%)» 
Day-lw 
93.8 ax 
53.1 d 
84.4 b 
68.8 c 
96.9 a 
96.9 a 
100.0 a 
Day-10w 
93.8 a 
56.3 d 
81.3 b 
68.8 c 
96.9 a 
93.8 a 
96.9 a 
8.1 
9.5 
u Means based on four replicates of eight seeds/pot for each 
treatment and percentage calculated by dividing seedling 
stand count over the total seed planted. 
v Control=noninfested soil; Pmg=soil infested with 15 cc/1 
soil of oat grains inoculated with Pmg and incubated for 14 
days at 25 C; T. roseum=soil infested with 15 cc/1 soil of 
oat grains inoculated with T. roseum and then incubated for 
10 days at 25 C; heat killed=oat grains inoculated with 
either Pmg or T. roseum and then autoclaved for 15 min at 
121 C after incubation. 
w Soil infested with either Pmg or T. roseum alone or in 
combination and then divided into two groups, one group 
planted at day 1 and the second after 10 days after 
introducing the inoculum into soil. Both groups kept under 
the same condition in the greenhouse. 
x Values followed by the same letter are not significantly 
different from one another, based on Fisher's least 
significant difference (FLSD) at P=0.05. 
y FLSD=Fisher's least significant difference. 
z C.V.Coefficient of variation. 
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Table 6. Soybean (Glycine max) seedling dry weight (g) from 
steam s t e r i l i z e d so i l in fes ted with e i ther Phytophthora 
megasperma f. sp. glycinea (Pmg) or Trichothecium roseum alone 
or in combination a t 30 days a f t e r emergence in the greenhouse 
a t two p lan t ing dates . 
Treatementv 
Control 
Pmg 
T- roseum. 
Pmg + T. roseum 
Pmg (heat killed) 
T- rpseum (heat killed) 
Pmg + T. roseum (heat killed) 
FLSD* 
C.V.(%)B 
Planting date' 
Day-lw 
1.169 abx 
0.414 e 
0.936 c 
0.665 d 
1.242 a 
1.102 b 
1.094 b 
a 
Day-10w 
1.218 ab 
0.396 e 
0.825 c 
0.610 d 
1.354 a 
1.110 b 
1.135 b 
0.16 
16.39 
u Means based on four r e p l i c a t e s . Dry weight ca lcu la ted 
using the following formula; mean top dry weight/pot=mean 
top dry weight x (%) p l a n t s tand . 
v Control=noninfested s o i l ; Pmg=soil infested with 15 cc/1 
s o i l of oat grains inoculated with Pmg and incubated for 14 
days a t 25 C; T. roseum=soil infes ted with 15 cc /1 s o i l of 
oat g ra ins inoculated with T. roseum and then incubated for 
10 days a t 25 C; heat k i l l ed=oa t grains inoculated with 
e i t h e r Pmg or T. roseum and then autoclaved for 15 min at 
121 C a f t e r incubation. 
w Soi l infes ted with e i t h e r Frag or T. roseum alone or in 
combination and then divided i n to two groups, one group 
p lan ted a t day 1 and the second a f t e r 10 days a f t e r 
in t roducing the inoculum i n t o s o i l . Both groups kept under 
the same condition in t he greenhouse. 
x Values followed by the same l e t t e r are not s i gn i f i c an t l y 
d i f f e r e n t from one another, based on F i she r ' s l e a s t 
s i g n i f i c a n t difference (FLSD) a t P=0.05. 
y FLSD=Fisher's l eas t s i g n i f i c a n t difference. 
z C.V.=Coefficient of v a r i a t i o n . 
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isolates except isolate AT-2 which was significantly shorter 
than isolate SS-10 and longer than isolate AT-1. Mean width 
was widest 9.6 am and narrowest 7.7 am for isolates SS-5 and 
SS-6, respectively. No significant difference was found in 
the mean width between isolate SS-6 and AT-2 and SS-l, and 
between isolate SS-5 and the other isolates. Length ranged 
from 12.5-18.6 am for the shortest isolate SS-l and 16.6-
25.0 am for the longest isolate SS-2. The range in width 
was between 6.2-10.4 am for isolate AT-1 and 8.3-12.5 am for 
isolate SS-7 and isolates SS-7 and SS-10. In general, no 
single isolate produced spores with both extremes of length 
and width. 
Greenhouse studies. The mean percentage seedling 
stands did not differ significantly planting times (Table 
5). Treatments with Pmg + T. roseum had higher plant stands 
than those with Pmg alone. However, the treatment with T. 
roseum or Pmg + T. roseum had a lower percentage plant stand 
than the control. Treatment with heat killed Pmg or T. 
roseum alone or in combination did not differ significantly 
from the control. 
Dry weights of the seedlings within planting dates did 
not differ significantly (Table 6). Heat killed Pmq had the 
highest dry weight in both planting dates and was 
significantly higher than the control. The lowest dry 
weight was with Pmg alone. The treatment with Pmg + T. 
roseum had a higher dry weight than that with Pmg alone, 
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Table 7. Mean linear growth (mm) of Phytophthora megasperma 
f. sp. glycinea (Pmg) on lima bean agar amended with soil 
extract of steam sterilized soil infested with either Pmg or 
Trichothecium roseum alone or in combination and planted with 
soybean (Glycina max) seeds in the greenhouse at two planting 
dates. 
Planting dateu 
Treatementv 
Control 
Pmg 
T. roseum 
Pmg + T. roseum 
Pmg (heat killed) 
T. roseum (heat killed) 
Pmg + T. roseum 
FLSD^ 
C.V.(%)« 
(heat killed) 
Day-lw 
47.0 ax 
46.0 a 
40 0 b 
40.5 b 
48.0 a 
39.0 b 
41.5 b 
3.55 
5.65 
Day-35 
49.5 a 
45.5 b 
22.0 d 
23.5 d 
46.5 ab 
39.5 c 
40.5 c 
3.01 
5.36 
Day-lw 
47.5 a 
49.0 a 
42.0 c 
43.5 c 
47 0 ad 
42.5 c 
44.0 be 
3.27 
4.93 
Day-10 
48.5 a 
47.5 a 
39.5 b 
39.0 b 
48.5 a 
41.5 b 
38.5 b 
3.72 
5.83 
Day-45 
46.0 a 
48.0 a 
23.0 c 
24.0 c 
46.5 a 
42 0 b 
40.5 b 
2.07 
6.4 
u Means based on four replicates. 
v Control=noninfested soil; Pmg=soil infested with 15 cc/1 
soil of oat grains inoculated with Pmg and incubated for 14 
days at 25 C; T. roseum=soil infested with 15 cc/1 soil of 
oat grains inoculated with T. roseum and then incubated for 
10 days at 25 C; heat killed=oat grains inoculated with 
either Pmg or T. roseum and then autoclaved for 15 min at 
121 C after incubation. 
w Soil infested with either Pmg or T. roseum alone or in 
combination and then divided into two groups, one group 
planted at day 1 and the second after 10 days after 
introducing the inoculum into soil. Both groups kept under 
the same condition in the greenhouse. 
x Values followed by the same letter are not significantly 
different from one another, based on Fisher's least 
significant difference (FLSD) at P=0.05. 
y FLSD=Fisher's least significant difference. 
z C.V.Coefficient of variation. 
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but it was lower than the control. When T. rosem was 
introduced into soil, the dry weight was less than the 
control. 
The activity of Pmg in the group planted at day 1 was 
100% and at day 35 was 97% of the treatment with Pmg. In 
the group planted 10 days later, the Pmg activity at day 1, 
10, and 45 was 100, 89.7, and 97.2%, respectively. The 
treatment with Pmg + T. roseum. Pmg activity was 96.6, 71, 
and 48.3%, at day 1, 10, and 45, respectively. No Pmg 
activity was found in any other treatment. 
Trichothecin production in soil was determined by using 
growth inhibition of Pmg on LBA amended with soil extracts. 
Inhibition was equivalent to 0.93 ag of trichothecin/g soil 
(by using the standard curve Fig. 16) in treatment with T. 
roseum alone (Table 7). There was less than 0.14 ag 
trichothecin/g soil in the treatment which received heat-
killed T. roseum before extraction. The 0.14 ag 
trichothecin/g soil was added to soil with the killed 
inoculum. 
Field studies. The percentage mean stand of soybean 
seedlings from the treatment with Pmg alone and Pmg + T. 
roseum were significantly lower than the control after 50 
days in both fumigated and nonfumigated soil and at both 
planting dates (Table 8). The stand from treated seeds and 
the soil treatment combined was significantly higher in 
infested soil than treated seeds or the soil treatment alone 
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in infested soil in fumigated plots planted on 5 May. 
Similar results were obtained in nonfumigated soil at the 
same planting date. At the second planting date, 28 May, 
treated seeds in infested soil showed higher plant stand 
percentage than in nontreated seeds in infested soil or 
treated seeds and soil combined in infested plots in 
fumigated soil. There was a significant difference between 
stands from treated seeds or soil alone or in combination in 
infested soil in nonfumigated plots and the control. 
The stands in the treatment with uninoculated oat 
grains was not significantly different from the control in 
fumigated plot at both planting dates, but were 
significantly lower than the control in nonfumigated plots 
and at both planting dates. 
No significant different was found in 1000-seed weight 
between the control and the other treatments in fumigated 
soil planted at 5 may, except from plants of treated seeds 
in treated soil, which showed the highest weight, both in 
treated and infested soil and infested soil alone (Table 9) . 
In nonfumigated soil there was a significant difference 
between the control and treated seeds in infested soil, 
treated seeds in treated and infested soil, but not with the 
other treatments. At the second planting date, the control 
showed no significant different from the other treatments 
except treated and infested soil which showed the lowest 
weight. Similar results were obtained from nonfumigated 
Table 8. Soybean (Glycine max) plant stands from seeds or soil without or with 
Trichothecium roseum and planted in field plots nonfumigated or fumigated and 
without or infested with Phytophthora megasperma f. sp. glycinea (Pmg), 1986. 
Mean plant stand (%)r 
Treatment 
5 May 
Fumigated8 
79.3 abu 
78.4 b 
38.6 e 
56.3 c 
45.6 d 
54.4 c 
34.0 f 
22.4 g 
79.19 ab 
83 33 a 
4.20 
5.75 
Nonfumigated 
74.6 a 
65.8 b 
35.4 e 
53.8 e 
40.7 e 
55.5 cd 
35.7 e 
28.1 f 
59.6 cb 
77.4 a 
5.54 
8.24 
28 May 
Fumigated8 
84.8 c 
87.0 be 
54.7 e 
59.1 d 
40.6 f 
61.9 d 
40.7 f 
29.8 g 
89.3 ab 
91.5 a 
3.06 
3.76 
Nonfumigated 
76.3 b 
74.1b 
48.6 e 
54.4 d 
48.9 e 
59.6 c 
45.2 e 
33.3 f 
72.9 b 
83.3 a 
4.68 
6.13 
Treated seeds1 
Treated seeds and noninoculated oat grainsv 
Treated seeds in infested soilw 
Treated seeds in treated soilx 
Treated seeds in treated and infested soil 
Treated soil 
Treated and infested soil 
Infested soil 
Nontreated seeds and soil, and noninoculated oat grains 
Nontreated seeds in nontreated and noninfested soil (control) 
FLSD (P=0.05)y 
C.V. (%)z 
r Means based on five replicates of 36 seeds/m for each treatment and percentage 
calculated plant stand count divided by total seeds planted. 
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Table 8 continued. 
s Soil fumigated with 504 kg/ha of 98% methyl bromide plus 2% chloropicrin. 
t Seeds coated with conidial suspension of T. roseum at 1.64x10s spores/429 g 
seeds plus 0.858 g of methylcellulose as a sticker, 
a Values followed by the same letter are not significantly different from one 
another, based on Fisfer's least significant difference (FLSD) at P=0.05. 
v Inocula of T. roseum and Pmg grown separately on autoclaved oat grains and 
then introduced to soil. Noninoculated oat grains served as control, 
w Soil infested with 20 g/m of oat grains infested with Pmg. 
x Treated soil=soil was infested with 20 g/m of oat grains infested with T. 
roseum. 
y FLSD=Fisher's least significant difference, 
z C.V.=Coefficient of variation. 
oo 
Table 9. Means 1000-seed weights from Soybean (Glycine max) plants grown from seeds 
or soil without or with Trichothecium roseum and planted in field plots nonfumigated 
or fumigated and without or infested with Phytophthora megasperma f. sp. glycinea 
(Pmg). 1986. 
Mean 1000-seed weight (g) ^ r 
Treatment 
5 
Fumigated8 
151.0 bcdtt 
153.1 bed 
144.5 d 
159.6 a 
155.5 ab 
151.2 bed 
130.2 e 
131.8 e 
145.4 cd 
147.4 bed 
8.16 
4.34 
May 
Nonfumigated 
144.4 ab 
1416 abc 
134.2 c 
141.7 abc 
136.9 be 
139.1 abc 
138.6 be 
138.8 be 
140.1 abc 
148.8 a 
9.33 
5.20 
28 May 
Fumigated5 
133.0 ab 
138.5 a 
130.3 ab 
139.0 a 
132.9 ab 
132.8 ab 
125.6 b 
135.7 a 
134.2 ab 
139.0 a 
9.73 
5.68 
Nonfumigated 
153.4 abc 
152.1 abc 
148.5 be 
152.4 abc 
145.5 c 
145.4 c 
154.7 ab 
147.8 be 
160.1 a 
145.1 c 
8.47 
4.40 
Treated seeds1 
Treated seeds and noninoculated oat grains* 
Treated seeds in infested soilw 
Treated seeds in treated soil* 
Treated seeds in treated and infested soil 
Treated soil 
Treated and infested soil 
Infested soil 
Nontreated seeds and soil , and noninoculated oat grains 
Nontreated seeds in nontreated and noninfested soil (control) 
FLSD (P=0.05)y 
C.V. (%)• _ _ 
q Means based on five replicates of each treatment. 
r Seed weight was adjusted to 13% moisture content, and expressed in g. 
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Table 9 continued. 
s Soil fumigated with 504 kg/ha of 98% methyl bromide plus 2% chloropicrin. 
t Seeds coated with conidial suspension of T. roseum at 1.64x10s spores/429 g 
seeds plus 0.858 g of methylcellulose as a sticker, 
u Values followed by the same letter are not significantly different from one 
another, based on Fisfer's least significant difference (FLSD) at P=0.05. v 
v Inocula of T. roseum and Pmg grown separately on autoclaved oat grains and 
then introduced to soil. Noninoculated oat grains served as control, 
w Soil infested with 20 g/m of oat grains infested with Pmg. 
x Treated soil=soil was infested with 20 g/m of oat grains infested with T. 
roseum. 
y FLSD=Fisher's least significant difference. 
z C.V.=Coefficient of variation. 
oo 
Table 10. Germination of Soybean (Glycine max) seeds from plants grown from seeds 
or soil without or with Trichothecium roseum and planted in field plots nonfumigated 
or fumigated and without or infested with Phytophthora megasperma f. sp. glycinea 
(Pmg), 1986. 
Seed germination (%)T 
Treatment 
5 May 
Fumigated* 
94.0 au 
94.6 a 
95.0 a 
92.8 a 
94.2 a 
94.0 a 
86.8 b 
89.6 b 
87.2 b 
95.0 a 
3.06 
2.59 
Nonfumigated 
95.2 ab 
95.0 ab 
93.6 be 
94.0 be 
93.8 be 
91.6 c 
92.2 c 
94.0 cb 
97.2 a 
88.6 d 
2.70 
2.26 
28 May 
Fumigated8 
94.0 b 
94.6 b 
93.2 b 
94.0 b 
93.2 b 
98.0 a 
93.2 b 
95.0 b 
95.0 b 
95.0 b 
2.30 
1.90 
Nonfumigated 
97.0 ab 
97.2 ab 
97.0 ab 
94.2 c 
97.0 ab 
95.4 be 
98 0 a 
98.0 a 
96.0 abc 
95.2 be 
2 08 
1.68 
Treated seeds* 
Treated seeds and noninoculated oat grainsv 
Treated seeds in infested soil" 
Treated seeds in treated soilx 
Treated seeds in treated and infested soil 
Treated soil 
Treated and infested soil 
Infested soil 
Nontreated seeds and soil, and noninoculated oat grains 
Nontreated seeds in nontreated and noninfested soil (control) 
FLSD (P=0.05)y 
C.V. (%)• 
r Means based on five replicates of 100 seeds for each treatment. For each 
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Table 10 continued. 
experimental unit 100 seeds were surface sterilized, plated on potato-dextrose 
agar and incubated for 6 days in the dark at 25 C. Observation were recorded 
as % of seeds affected, 
s Soil fumigated with 504 kg/ha of 98% methyl bromide plus 2% chloropicrin. 
t Seeds coated with conidial suspension of T. roseum at 1.64x10s spores/429 g 
seeds plus 0.858 g of methylcellulose as a sticker, 
u Values followed by the same letter are not significantly different from one 
another, based on Fisfer's least significant difference (FLSD) at P=0.05. 
v Inocula of T. roseum and Pmq grown separately on autoclaved oat grains and 
then introduced to soil. Noninoculated oat grains served as control, 
w Soil infested with 20 g/m of oat grains infested with Pmg. 
x Treated soil=soil was infested with 20 g/m of oat grains infested with T. 
roseum. 
y FLSD=Fisher/s least significant difference. 
z C.V.=Coefficient of variation. 
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Table 11. Occurrence of various fungi associated with Soybean (Glycine max) seeds 
from plants grown from seeds or soil without or with Trichothecium roseum and 
planted in field plots nonfumigated or fumigated and without or infested with 
Treatment 
Treated seeds* 
Treated seeds and noninoculated oat grains* 
Treated seeds in infested soil* 
Treated seeds in treated soil* 
Treated seeds in treated and infested soil 
Treated soil 
Treated and infested soil 
Infested soil 
Nontreated seeds and soil, and noninoculated 
oat grains 
Nontreated seeds in nontreated and noninfested 
soil (control) 
FLSD (P=0.05)y 
C.V. (%)• 
Fus.° 
32.2 abu 
36.6 a 
32 4ab 
36 0ab 
34.4 ab 
33.0 ab 
28.2 b 
37.2 a 
29.8 ab 
36 0ab 
7.85 
18.30 
A ^ 0 w • 
Mean occurrence of fungi(%)m 
Fumigated11 
Alt? 
44.0 a 
41.2 ab 
28.0 c 
36.8 b 
35.6 b 
46.6 a 
44.4 a 
54.4 a 
43.2 a 
40.8 ab 
6.18 
11.90 
Pho.i 
14.0 b 
9.8 d 
13.2 be 
6.2 e 
10.0 cd 
5.6 e 
20.2 a 
13 4 b 
13.4 b 
14.6 b 
3.2 
20.85 
fjpr/s 
100.8 ab 
104.0 ab 
89.4 cd 
84.2 d 
106.6 ab 
100.0 ab 
96.6 cb 
107.0 a 
103.2 ab 
102.8 ab 
10.22 
8.04 
Fus,° 
44.4 be 
46.8 ab 
53.0 a 
38.0 cd 
40.2 bed 
40.4 bed 
36.6 d 
39.8 bed 
39.0 cd 
42.2 bed 
7.73 
14.39 
Nonfumigated 
Alt.P 
44.0 a 
41.2 ab 
28.0 c 
36.8 b 
35.6 b 
46.6 a 
44.4 a 
45.4 a 
43.2 a 
40.8 ab 
6.78 
11.90 
Pho.i 
9.0 cd 
7.8 d 
14.2 a 
4 6 e 
8.4 cd 
110 be 
11.2 be 
9.6 cd 
9.4 cd 
13.8 ab 
2.98 
23.58 
•ppr/s 
97.4 a 
97.8 a 
95.2 ab 
79.4 c 
85.2 be 
99.1a 
92.2 ab 
94.8 ab 
91.6 ab 
96.8 a 
10.04 
8.45 
m Means based on five replicates of 100 seeds per treatment after 6 days on 
OS 
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Table 11 continued. 
potato-dextrose agar at 25 C. 
n Soil fumigated with 504 kg/ha of 98% methyl bromide plus 2% chloropicrin. 
°/Pf°i/r: Fus=Fusarium sp. ; Alt=Alternaria sp.; Pho=Phomopsis sp.; and TF=total 
fungi. 
s Includes those listed plus Aspergillus sp.; Cercospora sp.; and Cladosporium 
sp. 
t Seeds coated with conidial suspension of T. roseum at 1.64x10s spores/429 g 
seeds plus 0.858 g of methylcellulose as a sticker, 
u Values followed by the same letter are not significantly different from one 
another, based on Fisfer's least significant difference (FLSD) at P=0.05. 
v Inocula of T. roseum and Pmg grown separately on autoclaved oat grains and 
then introduced to soil. Noninoculated oat grains served as control, 
w Soil infested with 20 g/m of oat grains infested with Pmq. 
x Treated soil=soil was infested with 20 g/m of oat grains infested with T. 
roseum. 
y FLSD=Fisher's least significant difference. 
00 
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Table 12. Occurrence of various fungi associated with Soybean (Glycine max) seeds 
from plants grown from seeds or soil without or with Trichothecium roseum and 
planted in field plots nonfumigated or fumigated and without or infested with 
Phytophthora megasperma f. sp. glycinea (Pmg) planted on 28 Hay 1986. 
Mean occurrence of fungi(%)' 
Treatment 
Treated seeds* 
Treated seeds and noninoculated oat grainsv 
Treated seeds in infested soilw 
Treated seeds in treated soil* 
Treated seeds in treated and infested soil 
Treated soil 
Treated and infested soil 
Infested soil 
Nontreated seeds and soil , and noninoculated 
oat grains 
Nontreated seeds in nontreated and noninfested 
soil (control) 
FLSD (P=0.05)y 
C.V. (%)» 
Fus.° 
19.8 abcdu 
18 4 bed 
23.0 abc 
20.0 abed 
24.2 ab 
13.8 d 
25.4 a 
24 0 a b 
24 4 a b 
16.6 cd 
6.79 
25.35 
Fumigated11 
Alt.P 
71.6 cde 
72.8 cd 
69.0 de 
80.2 ab 
68.8 de 
84.0 a 
66.4 e 
70.2 de 
68.6 de 
77.0 be 
5.50 
5.90 
Pho. i 
6.4 cd 
4.6 d 
6.0 cd 
5.0 d 
10.0 ab 
7.8 be 
9.4 ab 
10.4 a 
5.0 d 
5.2 d 
2.31 
25.87 
ij»pr/« 
98.2 ab 
96.6 b 
98.0 b 
105.2 ab 
104.0 ab 
107.6 a 
101.0 ab 
105.6 ab 
99.0 ab 
98.8 ab 
9.45 
7.29 
Fus.° 
37.2 cd 
53.2 a 
41.8 cb 
44.0 be 
38.4 c 
28.8 d 
42.0 be 
46.0 abc 
48.2 ab 
37.4 cd 
9.11 
17.09 
Nonfumigated 
A l t ? 
70.4 ab 
53.0 d 
60 6 c d 
62 0 c 
68.0 abc 
72.6 a 
65.6 abc 
62.8 be 
61.0 c 
62.4 c 
7.67 
9.40 
Pho.* 
2.4 b 
2.4 b 
3.0 b 
1.8 b 
1.2 b 
8.0 a 
6.8 a 
6.0 a 
2.0 b 
1.4 b 
2.21 
49.49 
rjiJw/8 
11Q.0 b 
109.0ab 
105.4 ab 
108.0 ab 
107.6 ab 
109.2 ab 
115.6 a 
114.8 a 
111.2 ab 
101.2 b 
11.55 
8.27 
m Means based on five replicates of 100 seeds per treatment after 6 days on 
OO 
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Table 12 continued. 
potato-dextrose agar at 25 C. 
n Soil fumigated with 504 kg/ha of 98% methyl bromide plus 2% chloropicrin. 
O/PfPifr: Fus=Fusarium sp.; Alt=Alternaria sp.; Pho=Phomopsis sp.; and TF=total 
fungi. 
s Includes those listed plus Aspergillus sp.; Cercospora sp.; and Cladosporium 
sp. 
t Seeds coated with conidial suspension of T. roseum at 1.64x10s spores/429 g 
seeds plus 0.858 g of methylcellulose as a sticker, 
u Values followed by the same letter are not significantly different from one 
another, based on Fisfer's least significant difference (FLSD) at P=0.05. 
v Inocula of T. roseum and Pmg grown separately on autoclaved oat grains and 
then introduced to soil. Noninoculated oat grains served as control. 
w Soil infested with 20 g/m of oat grains infested with Pmg. 
x Treated soil=soil was infested with 20 g/m of oat grains infested with T. 
roseum. 
y FLSD=Fisher's least significant difference. 
00 
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soil where the control was significantly different from 
uninoculated oat grains and treated and infested soil. 
However, there was no specific effect due to Pmq or T. 
roseum on 1000-seed weights. 
The highest percent of germination in fumigated soil 
was in the control planted on 5 May. There was no 
significant difference from the other treatments, except 
treated and infested soil, infested soil, and uninoculated 
oat grains (Table 10). The lowest percent of seed 
germination was from the nonfumigated control. In fumigated 
soil planted in 28 May, there was no significant difference 
between the control and the other treatments except the 
treated soil. In nonfumigated soil, the control was 
significantly different from infested soil and the treated 
and infested soil, but there was no significant difference 
between any other treatments. However, treatment with Pmg 
alone was not significantly different from Pmg + T. roseum 
in combination (either soil or seeds treatment) at both 
planting dates except in fumigated soil planted on 5 May. 
Recovery of fungi from seeds from plants grown in 
fumigated or nonfumigated soil and at both planting dates 
showed little or no variability (Table 11 and 12). The 
recovery percent of Alternaria spp. and Fusarium was not 
significantly different from the control or other treatments 
in either fumigated and nonfumigated plots planted in 5 May, 
except the recovery of Alternaria from plants of treated 
91 
seeds in infested soil in fumigated plots, and the recovery 
of Alternaria and Fusarium. in nonfumigated plots. Similar 
results in the recovery of Alternaria and Fusarium were 
found at the second planting date. The recovery of 
Phomopsis spp. was variable among the treatments in 
fumigated and nonfumigated plots and at both planting dates. 
In fumigated soil planted on 5 May, seeds of plants from 
treated and infested soil had the highest recovery of 
Phomopsis and that from treated plots, the lowest (5.6). 
However, the recovery of Phomopsis from seeds of plants in 
all treatments in fumigated soil did not relate to the 
presence or absence of either Pmg or T. roseum alone or in 
combination. In nonfumigated soil planted on 5 May, the 
seeds from plants of the control had the highest recovery of 
Phomopsis, which was below that from plants of treated seeds 
in infested soil, but not significant difference between 
them. All other treatments showed less recovery of 
Phomopsis whether treated with Pmg or T. roseum or not. In 
general, the recovery percent of Alternaria and Fusarium 
spp. was similar at both planting dates. However, recovery 
percent of Phomopsis spp. was higher at the first planting 
date than the second one. Nevertheless, the total fungi 
recovered from seeds from plants in fumigated soil at both 
planting dates, or among the treatments, was not significant 
different. The second planting date generally, showed a 
higher percentage of recovery of fungi than the first one. 
92 
DISCUSSION 
The culture filtrates of 17 isolates of T. roseum 
partially or completely inhibited mycelial growth or 
zoosporangenesis of Pmq. The active compound in the culture 
filtrates was shown to be trichothecin a known antifungal 
compound produced by T. roseum (9,31,35). Trichothecin 
inhibited oospore germination. This is the first report of 
trichothecin inhibiting zoosporangenesis, and oospore 
germination in addition to mycelial growth of any fungus. 
Antagonism of T. roseum to Pmg 
Of the three fungi tested, only culture filtrates of T. 
roseum significantly inhibited mycelial growth and 
zoosporangenesis at low concentrations. The culture 
filtrates of G. roseum and T. harzianum inhibited mycelial 
growth of Pmq at high concentrations on LBA, but the amount 
of inhibition was not significantly different from MCD. 
This is the first report of culture filtrates of T. roseum 
inhibiting the growth of mycelium and zoosporangenesis of 
Pmg. T. roseum was reported to inhibit the growth of other 
pathogenic fungi in culture (9,35,74), but there are no 
other reports of effect of T. roseum on zoosporangenesis of 
any fungus. 
The culture filtrates of all 17 isolates of T. roseum 
varied in the amount of inhibition of mycelial growth and 
zoosporangenesis of Pmg. This was probably due to 
difference in the amount of trichothecin produced by the 
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v a r i o u s i s o l a t e s . 
The c u l t u r e f i l t r a t e s of i s o l a t e SS-2 of T . roseum 
i n h i b i t e d m y c e l i a l growth o f 16 r a c e s of Pmg. There was 
v a r i a t i o n i n t h e s e n s i t i v i t y of t h e v a r i o u s r a c e s t o t h e 
c u l t u r e f i l t r a t e . M y c e l i a l growth o f most r a c e s was 
i n h i b i t e d a t a 10% c o n c e n t r a t i o n of c u l t u r e f i l t r a t e which 
s u g g e s t s t h a t t h e r e may b e r a c e s o r i s o l a t e s w i t h r e s i s t a n c e 
t o t r i c h o t h e c i n i n any p o p u l a t i o n of Pmg. 
I n c o n t r a s t to t h e v a r i a b i l i t y i n i n h i b i t i o n of 
m y c e l i a l g rowth , the c u l t u r e f i l t r a t e s of i s o l a t e SS-2 of T. 
roseum c o m p l e t e l y i n h i b i t e d zoosporangenes i s o f a l l r a c e s of 
Pmg a t 2% c o n c e n t r a t i o n . The mechanism g o v e r n i n g r e s i s t a n c e 
and s u s c e p t i b i l i t y t o t r i c h o t h e c i n may d i f f e r between in t h e 
v e g e t a t i v e and r e p r o d u c t i v e phases of Pmg. 
C u l t u r e f i l t r a t e s o f i s o l a t e SS-2 of T. roseum 
i n h i b i t e d z o o s p o r a n g e n e s i s o f Pmg i n s o i l when i t was added 
t o s o i l i n f e s t e d with Pmq. This shows f o r example t h a t 
c u l t u r e f i l t r a t e s of i s o l a t e SS-2 of T . roseum c o u l d i n h i b i t 
z o o s p o r a n g e n e s i s of r a c e 1 of Pmg i n s o i l i f i t was in 
s u f f i c i e n t c o n c e n t r a t i o n i n t h e f l o o d i n g w a t e r . 
C u l t u r e f i l t r a t e s e x t r a c t i o n and i n h i b i t o r y compounds 
i d e n t i f i c a t i o n 
Data from TLC, GC, a n d GC/MS s t u d i e s conf i rmed t h e 
p r e s e n c e of t r i c h o t h e c i n i n c u l t u r e f i l t r a t e s o f T. roseum. 
When t h e TLC p l a t e s were s p o t t e d w i t h c u l t u r e f i l t r a t e 
e x t r a c t s , two yel low s p o t s appeared t y p i c a l of t h e 
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trichothecin standard. The spot which corresponded to the 
trichothecin standard inhibited zoosporangenesis. The 
retention time of the trichothecin standard and one peak in 
culture filtrate extracts was 12.8 min. This was additional 
evidence for the presence of trichothecin in culture 
filtrates of T. roseum. Other peaks were observed in 
culture filtrates, but not in the trichothecin standard, 
with retention times 8.39, 10.9, and 13.95 min. These 
compounds were not identified. 
The use of GC/MS also confirmed the presence of 
trichothecin in culture filtrates of T. roseum. The peak of 
trichothecin standard and the one of the components of the 
culture filtrates eluted at 9.5 min. The mass spectra of 
the standard and the largest peak in the culture filtrates 
both eluted at 9.5 min similar to an earlier report (14). 
Two other major peaks were observed in the extracts of the 
culture filtrates. They eluted at 8.6 and 10.3 min, but 
were not identified. 
Role of trichothecin in antagonism of T. roseum to Pmg 
After identification of the presence of trichothecin in 
culture filtrates of T. roseum. a trichothecin standard was 
purchased and its activity against Pmg was tested. The 
trichothecin standard was highly active showing inhibition 
of mycelial growth, zoosporangenesis, or oospore germination 
of Pmg. Mycelial growth was inhibited at a concentration as 
low as 0.1 ag of trichothecin /ml medium, with complete 
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inhibition at 6 ag/ml. Zoosporangenesis was completely 
inhibited at 1 ag/ml and oospore germination at 20 ag/ml. 
The activity of trichothecin at such low concentrations is 
similar to other compounds defined as antibiotics (26). 
Zoosporangenesis of Pmg was more sensitive to trichothecin 
than was mycelial growth and the latter was more sensitive 
than oospore germination. 
Variation among isolates 
Variation among isolates of T. roseum was reported in 
previous studies (37,69). In this study 16 isolates showed 
different characteristics in colony growth habit and color, 
amount of dry weight produced on MCD, trichothecin 
production, and spore size. There was no relationship 
between the amount of trichothecin produced and the 
morphological characteristics of the isolates. 
The amount of trichothecin produced by the isolates 
corresponded to the level of antagonism found early in the 
study among 17 isolates of T. roseum to Pmg. For example, 
culture filtrates of isolate SS-4 showed the greatest 
inhibition of mycelial growth and zoosporangenesis of Pmg, 
and was found to produce the largest amount of trichothecin. 
In contrast isolate DW-2 which produced the lowest amount 
of trichothecin, was found to produce the least inhibition 
of mycelial growth and zoosporangenesis. A similar pattern 
was found among all the isolates. 
The percentage inhibition of mycelial growth and 
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zoosporangenesis by known amounts of the trichothecin 
standard was used to determine the concentration of 
trichothecin i n culture f i l t r a t e s of each i so la te (Table 2) . 
These values were compared to the amount of tr ichothecin 
determined by GC. Since similar amount of tr ichothecin was 
found by GC or bioassay in the culture f i l t r a t e s , so most of 
the activity measured was due to t r ichothecin and not the 
other compounds found in the culture f i l t r a t e s . Also most 
of the other metabolites produced by T. roseum were reported 
t o be without b ioact iv i ty (8) . 
Greenhouse s t u d i e s . 
T. roseum signif icant ly reduced the incidence of 
Phytophthora roo t rot as measured by the plant stand and 
dry weight of seedlings. The three poss ible mechanisms of 
antagonism a r e : an t ib ios is , competition, and parasitism. 
Although no evidence was presented showing the lack of 
competition and/or parasitism to explain the antagonism 
recorded, the evidence presented suggested tha t the effect 
of T. roseum on Pmg was possibly by the production of 
antifungal compound trichothecin in s o i l . The evidence for 
t h i s mechanism was a) sens i t iv i ty of Pmq t o tr ichothecin in 
v i t r o ; b) the reduction of Pmg act ivi ty in so i l t reated with 
T. roseum inoculum corresponded to the amount of 
trichothecin detected in tha t s o i l ; and c) T. roseum has 
been reported t o produce the antifungal compound 
trichothecin in culture and s o i l . 
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T. roseum and Pmg alone or in combination had no effect 
when incubated in soil for 10 days before planting. In 
contrast to these results, the incubation of Streptomyces 
hygroscopicus in soil for 7 days before planting controlled 
root rot of pea which caused by Rhizoctonia solani (60) . 
The activity of Pmg in soil was significantly reduced 
in soil T. roseum. The treatment containing Pmg alone had 
100% of Pmq activity and the activity was 97% for the same 
treatment at the end of the trial. However, when Pmg + T. 
roseum in combination the Pmg activity was 96.5 and 48.2% 
before planting and at the end of the trial, respectively. 
The reduction in the activity of Pmg before the planting may 
be due to the introducing of small amounts of trichothecin 
with the inoculum. 
Using mycelial inhibition as biossay indicated that 
soil infested with T. roseum for 30-40 days contained 0.93 
u.g trichothecin/ g soil. The pathogen was completely 
inhibited at 6 ag trichothecin/ml medium, so the antagonist 
did not produce sufficient amount of trichothecin to cause 
complete inhibition of mycelial growth, but such amount 
should be enough to give complete inhibition to 
zoosporogenesis. According to a previous study which showed 
it needs more of the inhibitory compound in the soil than in 
media to cause same amount of inhibition (25), so it was 
expected that 0.93 ag of trichothecin would give complete 
inhibition of zoosporangenesis in the soil. T. roseum 
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showed very slight phototoxicity to soybean seedlings by 
reducing the plant stand and dry weight of seedlings. Other 
antagonists which have the potential to control plant 
pathogens also showed some phytotoxicity (57,60). 
Field studies 
The results from the field showed that T. roseum 
reduced disease caused by Pmg. Biological control in the 
field is difficult. However, antagonists used as a seed 
treatment or placed in-furrow with the planted seeds 
generally were effective in controlling pre-emergence 
damping-off (44,47). T. roseum, either as a seed or soil 
treatment had no significant effect on the 1000-seed weight 
and seed microflora. Although 12 of the isolates of T. 
roseum used came from soybean seeds, T. roseum was never 
isolated from seeds of plants from any of the treatments in 
the field. Similarly in the greenhouse, when T. roseum was 
used alone, there was some phytotoxicity to soybean 
seedlings. Generally, the application of T. roseum to seeds 
or soil resulted in some protection to soybean plants 
against Pmg. Although T. roseum showed some protection in 
both the greenhouse and field, the results may still be 
questionable. The two planting dates from the field showed 
similar results, but field conditions vary by season and 
location. However, the greenhouse results were confirmed by 
field results in 1986. 
The study showed the ability of T. roseum to inhibit 
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mycelial growth, zoosporangenesis, and oospore germination 
at very low concentrations. It also showed that £. roseum 
caused some reduction in disease. This can lead to further 
studies to develop and understand better methods to 
introduce the antagonist into soil. Also, an understanding 
of the factors which effect the production of the inhibitory 
compound in soil is important. 
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Appendix 1. Inhibition of mycelial growth (%) of Phytophthora 
megasperma f. sp. glycinea on lima bean agar amended with four 
concentrations of culture filtrates of 17 isolates of 
Trichothecium roseum grown on modified Czapek-Dox broth in the 
dark for 25 days at 25 C. 
Concentration2 
Isolate 
AT-1 
AT-2 
AT-3 
DW-1 
DW-2 
SS-1 
SS-2 
SS-3 
SS-4 
SS-5 
SS-6 
SS-7 
SS-S 
SS-9 
SS-10 
SS-11 
SS-12 
1 
7.6 
541 
9.7 
42.1 
6.6 
8.6 
65 2 
41.4 
60.2 
51.5 
10.8 
59.5 
10 7 
610 
55 7 
47.9 
57.8 
5 
59 0 
82 9 
57 1 
79.8 
64 9 
62.4 
85.2 
78.0 
90.6 
87.3 
66.4 
85 9 
78 0 
S4.S 
S2.6 
86.5 
85.3 
10 
S0.4 
94.2 
80 1 
86.7 
79.7 
84.4 
100 0 
91.8 
100.0 
97 7 
SS.O 
94.9 
S7 7 
95.7 
93.8 
94.8 
94 3 
20 
91.0 
100 0 
90.0 
94 8 
90.0 
93.3 
100.0 
100.0 
100.0 
100.0 
93.0 
100.0 
94.0 
100.0 
100.0 
100.0 
100.0 
z Means based on five replicates. The percentage of 
inhibition expressed as: (Al -A2/A1) x 100, where Al is the 
mean radial growth of control and A2 of the culture 
filtrate-amended plate. 
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Appendix 2. Inhibition of zoosporangenesis (%) of Phytophthora 
megasperma f. sp. glycinea by four concentrations of culture 
filtrates of 17 isolates of Trichothecium roseum grown on 
modified Czapek-Dox broth in the dark for 25 days at 25 C. 
Concentration2 
Isolate 
AT-1 
AT-2 
AT-3 
Dw-1 
DW-2 
SS-1 
SS-2 
SS-3 
SS-4 
SS-5 
SS-6 
SS-7 
SS-S 
SS-9 
SS-10 
SS-11 
SS-12 
0.5 
58 0 
81.5 
56.9 
62.6 
56.8 
62.0 
84.6 
69 7 
85.8 
85.3 
65.0 
81.7 
57.1 
85 6 
84.2 
76.2 
76.2 
1 
78.9 
93.5 
78 6 
80.8 
78 3 
80.3 
94 5 
87 0 
96.6 
94 4 
80.8 
91 1 
80.1 
94 5 
93.9 
89.0 
89.3 
2 
88.6 
100 0 
89.2 
89.4 
88.8 
SS.S 
100.0 
94.7 
100.0 
100 0 
90.3 
100.0 
SS.2 
100.0 
100.0 
100.0 
100.0 
5 
100 0 
100.0 
100 0 
100.0 
100.0 
100.0 
100.0 
100.0 
100 0 
100.0 
100.0 
100 0 
100.0 
100 0 
100.0 
100.0 
100.0 
z Means based on five replicates. Three-day-old cultures of 
Pmg on lima bean agar were washed five times with 10 ml 
sterile deionized distilled water at 30 min intervals to 
induce zoosporangenesis. The wash water was discarded. The 
plates were flooded with 15 ml of each culture filtrate 
concentration for 8-10 hr at 21 C. 
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Appendix 3. Inhibition of mycelial growth (%) of 16 races of 
Phytophthora megasperma f. sp. glycinea on lima bean agar 
amended with four concentrations of culture filtrates of 
Trichothecium roseum grown on modified Czapek-Dox broth in the 
dark for 25 days at 25 C. 
Race 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 
61 6 
63 8 
57 3 
60 7 
618 
44.9 
72 9 
69 4 
71.4 
74 2 
59 3 
66 8 
60 7 
58.9 
52 5 
62.7 
Concentration2 
5 
83 5 
96.3 
80.0 
97 3 
95 2 
60.3 
97.5 
93 3 
90 0 
97.3 
912 
S9.0 
94.6 
96.3 
71.2 
94 9 
10 
100 0 
100 0 
89 2 
100 0 
100 0 
70 5 
100.0 
100 0 
93 7 
100 0 
100.0 
100 0 
100.0 
100.0 
86 1 
100.0 
20 
100 0 
100 0 
100 0 
100 0 
100 0 
S6 4 
100 0 
100 0 
100 0 
100 0 
100.0 
100 0 
100 0 
100.0 
100 0 
100 0 
z Means based on five replicates. The percentage of 
inhibition expressed as: (Al -A2/A1) x 100, where Al is the 
mean radial growth of control and A2 of the culture 
filtrate-amended plate. 
115 
VITA 
Mohammad Badee AL-Heeti was born December 15, 1953 in 
I r aq . 
He graduated from Heet high school i n 1972. From 1972 
to 1975, he attended the Univers i ty of Baghdad, graduating 
with a Bachelor in a P lant Pro tec t ion . He rece ived h is 
M.Sc degree in Plant Pathology a t the Un ive r s i t y of 
Baghdad, January 1978 under the guidance of Dr. Ali H. El-
Behadli . His M.Sc. t h e s i s t i t l e was "Studies on r i ce stem 
ro t caused by Sclerotium oryzae in I raq" . 
In 1978 he joined t h e Department of P l a n t Protect ion 
a t t h e Univers i ty of Baghdad as a s s i s t a n t l e c t u r e r . From 
1978 t o 1982 he taught numerous courses in P l a n t Pathology 
as wel l a s doing research. In 1982 he was promoted t o 
l e c t u r e r and a t the same t ime he was honored by the 
Unive r s i ty of Baghdad with Scholarship to complete h is Ph.D. 
degree. In 1983, he en te red the Department of Plant 
Pathology a t the Universi ty of I l l i n o i s a t Urbana-Champaign 
to pursue a Doctor of Philosophy degree under t h e d i rec t ion 
of Prof. J . B. S inc la i r . He studied the i n h i b i t i o n of 
mycelial growth and reproduct ion of Phytophthora megasperma 
f. sp . g lyc inea by t r i c h o t h e c i n produced by T. roseum. He 
i s a member of the American Phytopathological Society and 
Sigma Xi . 
